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The proposed concept for the ERDF calls for burial of environmental restoration (ER)
derived waste in a trench approximately 21.3 meters (m) (70 feet [ft]) deep with a Resource
Conservation and Recovery Act (RCRA) compliant barrier. However, the specific design
requirements of the waste burial trench will be determined in the final Record of Decision (ROD)
to be issued by the U.S. Environmental Protection Agency (EPA) under it's Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) authority. Firnal closure
of the waste trench will be performed under a separate contract. This barrier will be specifically
designed for the ERDF site to prevent infiltration and limit access to the waste. ‘

1.2 PURPOSE AND SCOPE

The purpose of this project 1s to estimate the total volume of soil and debris that will be
disposed of in the ERDF, categorize the waste, evaluate potential health hazards associated with
the waste, and estimate the concentrations of constituents in the ERDF leachate. This
information will be utilized in the design of the ERDF facility. The information will also be used
to determine appropriate operational procedures at the ERDF and to identify the necessary
precautions required to ensure safe working conditions at the ERDF trench. This engineering
study includes all waste sites listed in the Waste Information Data System (WIDS) database, as
of November 1993, for operable units: 100-BC-1, 100-BC-2, 100-BC-3 (now 100-BC-2), 100-
BC-4 (now 100-BC-2), 100-DR-1, 100-DR-2, 100-DR-3, 100-FR-1, 100-FR-2, 100-HR-1, 100-
HR-2, 100-IU-2, 100-KR-1, 100-KR-2, 100-KR-3, 100-NR-1, 300-FF-1, 300-FF-2, 300-FF-3,
300-FF-4, and 300-1U-1. Any additions or changes to the WIDS database after November 1993,
will not be reflected in this engineering study. Table 1 lists all the waste sites associated with
each of the operable units; the waste sites are summarized in Appendix A.

The activities conducted as part of this engineering study inciude:

» Summarizing the field investigation data listed in Limited Field Investigations (LFI)
for 100-BC-1 Operable Unit (DOE/RL 1993b), Limited Field Investigation for 100-
DR-1 Operable Unit (DOE/RL 1993c), Limited Field Investigation for 100-HR-1
Operable Unit (DOE/RL 1993d), Phase [ Remedial Investigation for 300-FF-1
Operable Unit (DOE/RL 1993e) and data analyzed by International Technology
Corporation (ITC) for operable unit 100-NR-1. The data was used to produce a
summary of the contamination, including the constituents, concentrations, and the
depth of the contamination for each of the sampled waste sites.

The constituent summary tables are contained in Appendix B. The tables are divided
nto inorganic, organic, and radionuclide tables, which are listed respectively in
sections B-1, B-2, and B-3 of Appendix B.

This engineening study is based on limited field investigation data and sampling. As
more sampling 1s performed on the waste sites, the data will need to be incorporated
into this engineering study to update the analysis and resuits.

» Utilizing the field investigation and sampling data to determine if the contamination
at waste sites exceeds safe working conditions and poses a potential healith hazard to
workers at the ERDF trench. Safe soil concentration limits were determined for all
constituents found in the waste sites. The safety evaluation was based on
Occupational Safety and Health Association (OSHA) dust inhalation limits for
inorganic, organic, and radionuclide constituents; volatilization factors for volatile
organic constituents, and external dose limits for radionuclide constituents.

.y
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1.0 INTRODUCTION

This study is one of a number of engineering studies intended to provide necess
information for the design of the proposed Environmental Restoration Disposal Facility (ERDF),
at the Hanford Site. The study involved an analysis of the contamination at waste sites in the 100
Area and 300 Area operable units to estimate the types and quantities of waste to be buried at the
proposed ERDF. Specifically, the objectives of this engineering study include: analyzing
available field investigation data for waste sites in the 100 Area and 300 Area operable units;
estimating the total excavated volume and total contaminated volume associated with the
remediation of the waste sites; categorizing the contaminated waste volume as Toxic Substance
Control Act (TSCA) hazardous, non-TSCA hazardous, radioactive, TSCA mixed, or non-TSCA
‘mixed wastes; evaluating potential occupational health hazards associated with handling the
contaminated waste volumes during normal operations at the proposed ERDF facility; and
estimating constituent concentrations expected in the ERDF leachate to evaluate the effects of
the leachate on the proposed ERDF design.

This engineering study is not intended to evaluate environmental issues associated with
the ERDF (including groundwater). The study does not address occupational exposure to
hazardous or radionuclide constituents due to accidents or emergency situations, or occupational
hazards not related to exposure to contaminated soil and debris. This study does not set clean-up
limits for remediation of the waste sites.

The U.S. Army Corps of Engineers (USACE) has tasked Montgomery Watson with
preparing this engineering study under Delivery Order No. 0026, under the indefinite delivery
order (IDO) contract number DACW68-92-D-0001 with the Walla Waila District. Golder
Associates Inc., USACE, and Westinghouse Hanford Company (WHC) assisted Montgomery
Watson in the preparation of this study.

1.1 ENVIRONMENTAL RESTORATION DISPOSAL FACILITY DESCRIPTION

The U.S. Department of Energy (DOE) has tasked the USACE, Walla Walla District with
the development of a conceptual design for a proposed ERDF, burial ground 618-12, at the
Hanford Site near Richland, Washington. The production of plutonium and related activities
- since 1943 have resulted in environmental contammation {primarily soit) on the Hanford Site.
The proposed ERDF will serve as the bunal facility for the majority of wastes excavated during
remediation of waste management sites in the 100 Area and 300 Area operabie units at the
Hanford Site. The primary features of the proposed ERDF include a waste burial trench, a
__leachate collection, rail and tractor/trailer container handling capabilities, railroads, inventory
control systems, decontamination facilities, and related support facilities, such as the operations
building. A treatment facility will also be provided to handle process wastewater and leachate
derived from the proposed ERDF operation.

The initial phases of the ERDF project have been designated as project W-296 and
consist of the design and construction of facilities which will be used for the final management of
waste resulting from remediation activities at Hanford. The trench capacity constructed under
Project W-296 will accommodate waste volumes from the first five years of operation. The
remainder of the facilities will be designed for the expected 30 year life of the ERDF and will be
capable of accommodating the lifetime maximum anticipated volumes and associated production

rates. Waste to be placed in the proposed ERDF during the first five years will primarily come
from the 100 Area and 300 Area operable units.
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Table 1. Operable Unit Sites.

OPERABLE INCLUDED SITES
UNIT

100-BC-1 | 116-B-1, 116-B-2, 116-B-3, 116-B-4, 116-B-5, 116-B-6A, [16-B-6B, 116-B-7, 116-B-9,
116-B-10, 116-B-11, 116-B-12, 116-B-13, 116-B-14, 116-B-15, 116-B-16, 116-C-1, 116-C-5,
[18-B-5, 118-B-7, 118-B-8(a), 118-B-9, 118-B-10, 120-B-1, 126-B-1, 126-B-2, 126-B-3,
126-B-4, 128-B-1, 128-B-2, 128-B-3, 128-C-1, 132-B-1, 132-B-2, 132-B-3, 132-B-4, 132-B-5,
132-B-6, 132-C-2, 1607-B1, 1607-B2, 1607-B3, 1607-B4, 1607-BS, 1607-B6, 1607-B7, 600-34

100-BC-2 116-C-2A, 116-C-2B, 116-C-2C, 116-C-3, 116-C-6, 118-B-1, 118-B-2, 118-B-3, 118-B-4,
118-B-6, 118-C-1, 118-C-2. 132-C-1, 132-C-3, 1607-B8, 1607-B10, 1607-B11, 118-C-3(a),
118-C-4, 600-33, 1607-B9 ‘

100-DR-1 116-D-1A, 116-D-1B, 116-D-2 to 116-D-7, 116-D-9, 116-D-10, 116-DR-1, 116-DR-2,
116-DR-5, 116-DR-9, 120-D-1, 120-D-2, 126-D-1 to 126-D-3, 128-D-2, 130-D-1, 132-D-1,
132-D-2, 132-D-3, 628-3, 1607-D2, 1607-D4, 1607-D5, 118-D-6(a), 132-D-4, 108-D(d),
103-1(d), Sodium Dichromate Tanks(d)

100-DR-2 116-DR-3, 116-DR4, 116-DR-6, 116-DR-7, 116-DR-8, 118-D-5, 126-DR-1, 132-DR-1,
1607-D3, 118-DR-2(a), 116-D-8, 122-DR-1, 132-DR-2

100-DR-3 118-D-1, 118-D-2, 118-D-3, 118-D-4, 128-D-1, 118-DR-1, 116-DR-10, 600-30, 1607-D1

100-FR-1 116-F-I, 116-F-2, 116-F-3, 116-F<4, 116-F-5, 116-F-6, 116-F-7, 116-F-8, 116-F-9, 116-F-10.
[16-F-11, 116-F-12, 116-F-13, 116-F-14, 116-F-15, 116-F-16, 126-F-2, 128-F-2, 132-F-3,
[32-F-4, 132-F-5, 132-F-6, 1607-F2, 1607-F3, 1607-F4, 1607-F5, 1607-F6, UPR-100-F-1,
1 18-F-8(a)

100-FR-2 118-F-1, 118-F-2, 118-F-3, 118-F4, 118-F-5, 118-F-6, 118-F-7, 118-F-9, 120-F-1, 126-F-1.
128-F-1, 128-F-3, 600-31, 1607-F1

100-HR-{ 116-H-1, 116-H-2, 116-H-3, 116-H-4, 116-H-5, 116-H-6, 116-H-7,-116-H-9, 126-H-2. 132.H-1.
132-H-3, 1607-H2, 1607-H4, 118-H-6(a), Electrical Facilities(a)

100-HR-2 118-H-1, 118-H-2, 118-H-3, 118-H-4, 118-H-5, 126-H-1, 128-H-1, 128-H-2, 128-H-3, 132-H-2,
1607-HI, 1607-H3

100-1U-2 628-1, JA Jones 2, 600-5, East White Bluffs City Landfill, White Bluffs Landfill

100-KR-1 116-K-1, 116-K-2, 116-K-3, 116-KE-4, [ 16-KW-3
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Table 1. Operable Unit Sites (Continued).

OPERABLE
UNIT

INCLUDED SITES

100-KR-2

116-KE-1, 116-KE-2, 116-KE-3, 116-KW-1, 116-KW-2, 118-K-1. 120-KE-8. 120-KW-6,
126-K-1, 130-K-1, 130-K-2, 130-KE-1, 130-KE-2, 130-KW-1, 130-KW-2, 1607-K4, 1607-K6,
UPR-100-K-1, 118-KE-1(a), 118-KW-1(a), 116-KE-6A(b), 116-KE-6B(b), 116-KE-6C(b),
116-KE-6D(b), 116-KE-5, 116-KW-4, 118-KE-2, 118-KW-2, 132-KE-1, 132-KW-1

100-KR-3

120-KE-1, 120-KE-2, 120-KE-3, 120-KE-6, 120-KE-9, 120-KW-{, 120-KW-2, 120-KW-5,
120-KW-7, 128-K-1, 128-K-2, 130-K-3, 600-4, 600-29, 1607-K1, 1607-K2, 1607-K3, 1607-K5,
120-KE-4, 120-KE-5, 120-KW-3, 120-KW-4, 126-KE-2, 126-KE-3

100-NR-1

116-N-1, 116-N-2, 116-N-3, 116-N-4, 118-N-1, 120-N-1, 120-N-2, 120-N-3, 120-N-5, 120-N-6,
120-N-7, 120-N-8, 124-N-1, 124-N-2, 124-N-3, 124-N-4, 124-N-5, 124-N-6, 124-N-7, 124-N-8,
124-N-9, 124-N-10, 128-N-1, 130-N-1, 600-32, 600-35, UPR-100-N-1 to UPR-100-N-13,

-1 UPR-100-N17 to UPR-100-N26, UPR-100-N29 to UPR-100-N35, UPR-600-17, 116-N-8(b),

120-N-4(b)

300-FF-1

Ash Pits, Filter Backwash Ponds, Retired Filter Backwash Ponds, Sanitary Sewer System,
316-1, 316-2, 316-5, 322 Hazardous Waste Staging Area(d), 618-4, 618-5. 618-12, 340 Complex
HWSA, 6284, UPR-300-FF-1, UPR-300-8(c), UPR-300-9(c), UPR-300- 1 5(c), UPR-300-19(c)
to UPR-300-37(c), UPR-600-15(c)

300-FF-2

600-22, 618-1, 618-2, 618-3. 618-7, 618-8, 618-9, 618-13, Solvent Evaporator, Vitrification Test
Site

300-FF-3

RLWS & 340 Compiex, Retired RLWS, 300-1, 307 Retention Basin, 309-TW-1, 309-TW-2.
309-TW-3, 315 Retired Sanitary Drain Field, 316-3, 331 LSL Drain Field, 331 LSL Trench I,

1331 LSL Trench-2,-335 and 336 Retired Sanitary Drain Fields, 618-6, Biological Treaument Test

Facility, Physical and Chemical Treatment Test Facilities, Thermal Treatment Test Facilities,
UPR-300-1, UPR-300-2, UPR-300-4, UPR-300-5, UPR-300-7, UPR-300-10 to UPR-300-14,
UPR-300-17, UPR-300-18, UPR-300-38 to UPR-300-46. Interim Filter Backwash Disposal,
Powerhouse HWSA. 303-K Contamination Waste Storage, 303-M Storage Area, 303-M
Uranium Oxide Facility, 304 Concretion Facility, 304 Storage Facility. 305-B Storage Facility,
309-WS-1, 309-WS-2, 311-TK-40, 311-TK-50, 313 Centrifuge, 313 Copper Remelt Operations.
313 East Side Storage Pad, 313 Filter Press, 313-TK-2, 313 Uranium Recovery Operauons. 323
Tank | - Tank 4, 324 Sodium Remeoval Pilot Plant, 325 Waste Treatment Facility, 331-C
HWSA, 333 Bast Side HWSA. 333 East Side Heat Treat Salt Storage Area, 333 Laydown
HWSA, 334 Tank Farm Waste Acid Storage Tank. 334-A-TK-B, 334-A-TK-C, 350 HWSA,
3712 Uranium Scrap Storage Area, 3718-F Burn Shed. 3718-F Storage Facility, 3718-F
Treatment Tank 1. 3718-F Treatment Tank 2, 3746-D Silver Recovery, 311 Methanol Tank | &
2(b}, 313 Methanol Tank(b), 333-TK-7(b), 333-TK-11(b), 333 West Side Waste Oil Tank(b},
3713 Paint Shop HWSA(D), 3713 Sign Shop HWSA(D)
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Table 1. Operable Unit Sites (Continued).

OPERABLE INCLUDED SITES
UNIT

300-FF-4 400-1, 400 Area French Drain 10A, 400 Area French Drain 1A, 400 Area French Drain 1B, 400
Area French Drain 2 - 10, 400 Area Retired French Drains, 403 French Drain, 4713-B French
Drain, 4721 French Drain, 4722-B French Drain, 4722-C French Drain, 400 Area Sanitary
Sewer, 400 Area Sanitary Tile Field, 400 Area Retired Septic Tanks, 400 Area Process Pond and
Sewer Systemn, 400 Area Retired Sanitary Pond, 400 Area Sand Bottom Trench, UPR-400-1.
427 HWSA, 437 MASF, 4713-B HWSA, 4722 Paint Shop HWSA, 4831 Laydown HWSA,
4843

300-1U-1 316-4, 600-1, 600-21, 600-23, UPR-600-1 10 UPR-600-11, 618-10, 618-11. JA Jones |

(a}  This waste site is a reactor building; reactor buildings were not included in this engineering study.

(b) This waste site was not included in the WHC Environmental Restoration volumes, by R. Gerth (WHC 1993a).
The site was not included in the additional non-Environmental Restoration volumes caiculated in this report,
because it was assumed to be clean, based on the information in the WIDS database.

{¢c) This was an unplanned release which was routed (o either the process sewer system, the process trench, 316- 1
& 316-2 or 218-W-3A; no volume is associated with this unpianned release.

(d) The waste site was identified in either the LFI report for operabie unit 100-DR-1 or 100-HR-1, or in the Phase
f Remedial Investigation for 300-FF-1 Operable Uni: (DOE 1993). The site is not listed in the WIDS

database.
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Fach waste site was assigned an occupational concern rating based on the estimated
amount of external radioactive contamination expected in the waste volumes.

The levels of the contarnination and associated health hazards evaluated in this
engineering study are based on limited sampling data from the waste sites. The
conditions at the waste sites may not be completely representative of the
contamination levels that will be experienced at the ERDF. If treatment options such
as volume reduction are used, the resultant waste could contain higher contaminant
concentrations than the original waste from the waste sites. In addition, solid waste
derived from either soil washing or groundwater treatment could contain higher
concentration of contaminants than encountered in the original matrix. At present, it
has not been determined which, or if any, waste treatment processes will be used at
the ERDF. The investigation data from the waste sites is currently the best available
“information to estimate the levels of contamination that will be present in the waste
received at the ERDF. When waste treatment processes are better defined, the
information in this study can be utilized to estimate final waste concentrations.

Reviewing the general summary report from the WIDS database to evaluate the
degree of correlation between waste sites in the 100 Area and 300 Area operable

- units. This review included extrapolating contamination information to those sites
that have no remedial investigation data. This information was used to estimate the
total volume of contaminated waste and levels of the contamination in the non-
sampled waste sites. The resulting volumes and contamination levels were used
throughout the analysis in this engineering study.

Categorizing the contaminated volumes based on the individual contaminant leveis
listed in the field investigation data, as TSCA hazardous, non-TSCA hazardous,
radioactive, TSCA mixed, and non-TSCA mixed wastes.

Reviewing all available burial ground logs and characterizing the waste volumes,
including the types of radioactive materials and rubble and the levels of radioactive
contamination in the burial grounds. The material and rubble in the burial grounds
have the highest levels of radioactive contamination and present the greatest risk to
worker health. The review of the 105-B (118-B-1) burial ground log, Estimates of
Solid Waste Buried in the 100 Area Burial Grounds (WHC 1987), Summary of 100
B/C Reactor Operations and Resultant Wastes (WHC 1993b), and the Engineering
Study for the Conveyor and Area Fill Systems for the Environmental Restoration
Disposal Faciliry (DOE/RL 1993) provided a clearer understanding of the nature of
the waste in the burial grounds to evaluate the potential health hazards to the workers.
The radionuclide constituent information listed in the WIDS database was also
reviewed to obtain a better understanding of the contamination levels at non-sampled
burial grounds.

Reviewing the waste site volume estimates, including the calculations and
assumptions prepared by WHC (Rich Gerth, as of October 1993) for the 100 Area and
300 Area ER waste sites (WHC 1993a) and the /00 B/C Area Remedial Activities,
Pre-Design Report (WHC 1993d) prepared by ITC. This information was utilized in
preparation of volume estimates for the waste sites in the 100 Area and 300 Area
operable units which were excluded from the WHC ER volume estimates. The non-
‘Environmental Restoration (non-ER) volume estimates consist mainiy of
decommissioning and decontamination (D&D) waste sites and a few other
miscellaneous sites. The volumes calculated for the ER and non-ER sites provide un
estimate of the capacity requirement for the proposed ERDF.
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» Estimating constituent concentrations in the ERDF leachate based on the field
investigation data. The calculated leachate concentrations were compared with
regulatory limits to determine the need for wastewater treatments. The calculated
leachate concentrations were also compared te the manufacturer's high density
polyethylene (HDPE) liner criteria (limits) to evaluate the possibility of liner
degradation during the expected 30 year life of the ERDF. The manufacturer’s liner
limits were used to calculate the maximum acceptable soil concentrations, which if
placed in the ERDF trench, would cause minimal degradation of the liner during the
expected life of the ERDF.

Each of these activities are discussed in the following sections of this engineering study.
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2.0 VOLUME ESTIMATES FOR TOTAL EXCAVATED
AND TOTAL CONTAMINATED SOIL :

To estimate the capacity for the ERDF, this engineering study includes volume estimates
-------- for both the total excavated volumes and-the total contaminated volumes that are expected 1o be
removed from the waste sites in the 100 Area and 300 Area operable units and placed in the
ERDF. The volume estimates are based on parametric modeling. The modeling includes the
design and development of representative models that are applied to each of the waste sites to
---—--— -determine both the total excavated and total contaminated volumes-of soil to-be removed from
~ -~~~ thewaste sites.” The parameiers involved in the models include the waste site type and site
dimensions. These site characteristics were obtained from the WIDS database.

The models do not incorporate any clean-up levels or clean-up regulations, but are
derived from an understanding of the site characteristics and assumptions regarding the
constituent behavior at the waste site. The assumptions used 1n developing the models were
based on data obtained from field investigations and waste site sampling activities. Each model
has been conservatively designed to include all of the contamination at each respective site.
Although models have been designed to include all contamination at each waste site, this is not
an indication that the sites will be remediated to background levels. Clean-up levels for the
waste sites have not yet been established.

Sections 2.1 and 2.2 include detailed descriptions of the parametric models and the

assumptions used in deriving the models. The volume estimates for the ER sites were calculated
~ — — by WHC in accordance with the parametric modeling described in Section 2.1. The volume

estimates for the non-ER sites are based on the models described in Section 2.2. The total
excavated volumes and total contaminated volumes obtained from the model calculations are
listed in Section 2.3. Section 4.0 categorizes the contaminated wastes as either TSCA hazardous,
non-TSCA hazardous, radioactive, TSCA mixed, or non-TSCA mixed wastes. The potential
occupational health hazards associated with the contaminated waste based on the concentration
of constituents are discussed in Sections 5.0 and 6.0.

2.1 VOLUME CALCULATIONS AND ASSUMPTIONS FOR ENVIRONMENTAL
RESTORATION WASTE SITES

Three parametric models were used in calculating the total excavated waste volumes and
total contaminated waste volumes for each of the ER waste sites in the 100 Area and 300 Area
operable units. The models were based on analysis conducted by the ITC (WHC 1993d). In
their study, ITC presents estimates for minimum, maximum, and probable waste site volumes.
===~ ‘The different estirnatesare designed to show the potential variability in waste volumes based on

applied assumptions. Current waste site sampling and field invesugation data indicate that the

probable volumes are most representative of the volumes that will be removed from the waste
sites. The models for the ER volume estimates in this engineering study are based on the
-~~~ " ~-assumptions and calculations that ITC used to obtain their probable volume estimates.

< e -The waste sites in operable unit 300-FF-1 were not included in the ER volumes estimates

-~~~ prepared by WHC. The total contaminated volumes for the waste sites in this operable unit had
been previously determined in the Phase I and Il Feasibility Studv Report for 300-FF-1
Operable Unit (DOE 1993¢). The feasibility study did not include the totai excavated volume
for the operable unit. The excavated volume for operable unit 300-FF-1 was needed to complete

- Table 2in Section 2.3. Table 2 is an estimate of the total excavated volume for all waste sites in

the 100 Area and 300 Area operable units. The total excavated volume for the 300-FF-1
operable unit was determined by multipiying the total contaminated volume by a conversion

8
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factor. The conversion factor was the ratio of the percent difference between the total excavated
volumes and total contaminated volumes for all other ER sites.

2.1.1 Environmental Restoration Waste Site Model Types

The approach utilized by WHC in preparing the ER volume estimates included
developing three parametric models based on three representative waste sites, the 116-B-3 crib,
the 116-B-1 trench, and the 118-B-1 burial ground. Once developed, the models from the
representative waste sites were applied to each of the ER waste sites in the 100 Area and 300
Area operable units to determme the total excavated and total contaminated volume estimates for
these sites.

The following briefly describes each of the models used in the ER volume estimates.
Figure | graphically depicts each of the model types.

Type 1 Model - includes waste sites that contained disposal cells that were designed as
liquid to soil disposal units, including cribs, French drains, septic systerns, reverse wells, or
other waste sites that exhibit stmilar characteristics, such as leakage from underground storage
tanks or other structures. There are several common characteristics for the waste sites in this
model: the sites are designed for disposal of liquid waste into the ground and each site consists
of a disposal cell or cells that have waste plumes due to both lateral and vertical dispersion of the
liquid wastes.

Type 2 Model - includes waste sites that were designed to store and/or transport
contarninated or potentially contaminated liquid waste, including trenches.

Type 3 Model - includes waste sites that were used as burial grounds or underground
disposal of solid non-aqueous wastes. The type 3 model includes burial grounds, underground
storage tanks that have not leaked, or underground waste sites with demolition material. There
are no waste plumes for the sites in this model type.

The volume calculations for each model type, including a model diagram and equations,
are explained in detail in Appendix C.

The total excavated volumes and the total contaminated volumes for the ER sites are
presented in Tables 2 and 3 respectively, in Section 2.3. Appendix D lists the excavated and
contaminated volumes for each of the individual waste sites.

2.1.2 Assumption for Volume Calculations for Environmental Restoration Waste Sites

The volume estimates are based on the following assumptions:

General:

* All excavation slopes are 1.5 to 1.0 horizontal to vertical (H:V) unless otherwise
stated.

= Contaminated waste volumes are always included with the source waste site,
however, when overlap with other sites occurs, the non-contaminated volumes will be
listed in the host waste site. -
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Figure 1. Environmental Restor}ﬁtion Volume Model Types.
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Waste volume estimates for pipelines were taken from either the /00 B/C Area
Remedial Activities, Pre-Design Reporr (WHC 1993d), The Hanford 100 Area Long
Range Decommissioning Plan (UNI 1984), or subsequent WHC environmental
engineering volume estimates.

All volumes calculated trom the parametric modeling are based on a depth measured
from the ground surface level. Some of the waste sites were originally below ground

" and have been backfilled with ¢clean soil (between 1.5 to 3 meters {m] {5 to 10 feet

{ft}]). In most cases, no field investigation sampling was performed in the clean
backfill layer. The extra soil from'the backfiil is factored into the models as clean
(non-contaminated) waste volumes.

Waste sites that did not have defined dimensions in either the I'TC report or the WIDS
database were indicated as estimated on the volume spreadsheet. The dimensions for
these waste sites were estimated by comparison with other similar waste sites.

When two sites are close enough to share some common overburden, the sites are
assumed to be in parallel with their longest dimension.

Access ramp volumes are calculated for each waste site based on the following
criteria: 1) a depth of greater than or equal to 4.6 m (15 ft), and 2) a width and/or
length of greater than or equal to 6.1 m (20 ft).

All volumes are calculated in bank cubic yards.

Type 1 Model:

Waste plumes include both lateral and vertical dispersion of liquid around the
disposal cell.

Lateral waste dispersion is assumed to extend at a slope of 1.5 to 1.0 H:V, where the
vertical distance is based on the total depth of the waste site, starting at the ground
surface and extending to the bottom of the waste plume beneath the disposal cell.

The /100 B/C Area Remedial Activities, Pre-Design Report (WHC 1993d) was used
to determine the extent of waste plumes beyond the boundaries or disposal cell of
each waste site. In the absence of data, it was assumed that contaniination extends no
more than 1.5 m (5 ft) vertically below the bottom of a liquid waste site.

The entire volume of the disposal cells is contaminated unless otherwise stated.

Type 2 Model:

L ]

Assumes both horizontal and vertical dispersion of the liquid waste in the soil
column.

The 100 B/C Area Remedial Activities, Pre-Design Report (WHC 1993d) was used
to determine the extent of waste plumes beyond the boundaries or disposal ceil of
each waste site. In the absence of data, it was assumed that contamination extends
no more than 1.5 m (5 ft) vertically below the bottom of a liquid waste site. The
exception is the plume in a retention basin which typically extended [0 to {1.9 m (33
to 39 ft) below the base of the basin.

11
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The waste sites in this model typically have sloped sides, therefore, the lateral
dispersion is represented by a vertical line which originates at the highest contact
point of the liquid on the edge of the unit and continues vertically down to the
maximum assumed waste plume depth.

Waste sites are assumed to be either completely backfilled with clean fill or left
completely open.

Unless stated otherwise, it is assumed that these units were never filled with liquid to
more than two thirds capacity.

For those waste sites which were completely filled or overflowed, the model
calculations were adjusted to reflect the waste area and depth changes.

Type 3 Model:

L

The total volume of the disposal cell is contaminated.

- No waste volumes exist bevond the waste unit or excavation boundaries.

Burial grounds did not leak contamination into the surrounding soil.
Burial grounds are covered with 1.5 m (5 ft) of clean soil.
Burial grounds are assumed to be completely filled.

If the number of units in a waste site was not available, the number of units was
estimated based on the number of sites that would fit within the waste site boundaries.

The model allows for additional overburden caused by mounds over the waste sites.
If a mound does not exist, the thickness value in the overburden calculations is set to
zero and a mound volume is not calculated.

2.2 VOLUME CALCULATIONS AND ASSUMPTIONS FOR
NON-ENVIRONMENTAL RESTORATION WASTE SITES

The WHC voiume estimates included most ER waste sites in the 100 Area and 300 Area
operable units. This section involves the calculation of volume estimates for the waste sites in

_____the 100 Area and 300 Area operable units which were excluded from the WHC ER volume

estimates. The excluded waste sites mainly consist of D&D sites, including test and support
facilities and staging areas. There are also a few other miscellaneous sites, such as tanks and
unplanned releases, that were included in the non-ER volume estimates.

The total excavated volumes and the total contaminated waste volumes for the non-ER
sites are based on simplified versions of the models used by WHC for the ER waste sites. Much
of the waste site information for the non-ER sites, including the site dimensions. is not currently

- Yisted in the WIDS database. For the non-ER waste sites with missing information. the

dimensions were estimated from the limited information in the WIDS database.
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2.2.1 Non-Environmental Restoration Waste Site Model Types

The volume estimates for the non-ER sites are based on the following two simplified
models. Figure 2 graphically depicts each of the models.

Type 1 Model - includes all waste sites involved with liquid waste storage or handling
-and sites which presented a potenual for leakage to the soil, including staging areas for liquid
waste, test facilities involved with handling or sampling liquid waste, unplanned releases of
liquid waste to the soil, or any outside facility which presented a possibiiity of washing waste to

the soil.

Type 2 Model - includes all waste sites involved with solid waste storage or handling
that presented little or no potential for releases to the soil, including test and support facilities for
solid waste, burning pits, burial grounds, and covered outside storage and staging areas.

The volume calculations for each model type, including model diagram and equations,
are explained in detail in Appendix E. A summary of the total excavated volumes and the total
contaminated volumes is presented in Tables 2 and 3, respectively, in Section 2.3. Appendix F
lists the excavated and contaminated volumes for each of the individual waste sites.

2.2.2 Assumptions for Volume Calculations for Non-Environmental
Restoration Waste Sites

The volume estimates are based on the following assumptions:
General:

* The excavation area for the waste site was determined by a 1.5 to 1.0 H:V excavation
slope, where the vertical distance was based on the total depth of the waste site.

» The dimensions for the waste sites that did not have defined dimensions in the WIDS
database were determined by comparison with other similar sites. The volume
calculation spreadsheet in Appendix F indicates the sites where dimension estimates
were necessary.

» All excavated volumes are based on cubic shapes. The dimensions of the cubes are
the maximum calculated depths, lengths, and widths of the waste sites and plume.
These volumes are very conservative estimates.

» All volumes calculated from the parametric modeling are based on a depth measured
from the ground surface level. Some of the waste sites were originally below ground
and have been backfilled with clean soil (between 1.5 to 3 m {5 to 10 ft]). In most
cases, no field investigation sampling was performed in the clean backfill layer. The
extra soil from the backfill is factored into the models as clean (non-contaminated)
waste volumes.

+ All volumes are calculated in bank cubic yards.

Type 1 Modei:

* The entire volume of the disposal cells is contaminated unless otherwise stated.

*  Waste plumes include both lateral and vertical dispersion of the liquid waste.

13



1

Figure 2. Non-Environmental Restoration Volume Model Types.
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» For solid waste staging areas or facilities which presented a possibility of leakage to
the soil from rain or wash down, the contdmination was assumed to extend no more
then 1 m (3 ft) below the waste site. For all other sites, it was assumed that
contarmunation extends no more than 1.5 m (5 ft) vertically below the bottom of the
waste site.

« The assumed vertical dispersion depth of the liquid waste at a waste site is included in
the total depth of the waste site which is used in the 1.5 to 1.0 H:V excavation slope
for determining the total excavation area of the waste site.

Type 2 Model:

« Burial grounds or pits are entirely filled.

* The waste volumes are assumed not to extend beyond the waste unit or excavation
boundaries.

» For buildings, the demolished volume was based on the width, length, and
below-grade depth of the building. It was assumed that this volume would be
representative. of the compacted demolished building volume.

» It is assumed that the total volume of the burial ground, pits, or demolished building
volume is contaminated. This will be an overestimate for demolished buildings.

* The waste sites did not release contamination into the surrounding soil.

2.3 TOTAL VOLUMES IN THE 100 AND 300 AREA OPERABLE UNITS

Tables 2 and 3 summarize, by operable unit, the excavated volumes and contaminated
volumes for the waste sites listed in Table 1. The volumes were determined with the volume
calculations described in Sections 2.1 and 2.2. All waste volumes in this engineering study are
listed as bank cubic volumes.

Any waste site not listed in the November 1993 WIDS database for the operable units in
this study was not included in the volume estimates. All reactor buildings in the 100 Area have
been excluded from this investigation. Any non-ER waste site that is identified as clean in the
WIDS database was not included in the volume estimates; these sites are identified in Table 1.
The volume estimates do not include expected grout and clean cover material that will be added
during normal operations at the proposed ERDF. The bank volumes do not account for any
swelling in the waste volumes. In addition, the miscellaneous waste material and equipment that
may be disposed of in the trench during operations at the proposed ERDF, were not included.

The volume estimates in Tables 2 and 3 may vary if the true conditions at the waste sites
do not match the assurned conditions in the modeis. There are many waste site volumes that
were estimated due to missing information in the WIDS database. These sites will require
further investigation to deterrmune the true site characteristics, including length, width, and depth.

There is also an uncertainty with respect to the volume of waste from the remediated
waste sites that will be disposed of in the proposed ERDF trench. Tables 2 and 3 give an
estimate of the amount of waste expected to be derived from remediation of the waste sites in the
100 Area and 300 Area operable units. The volumes in Tables 2 and 3 also provide an initial
estimate of the capacity requirements for the proposed ERDF trench.

15
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Table 2. Total Excavated Volume Estirnates.

Operable Units Total Volumes (a) Total Pipeline TOTAL
ER Non-ER Volumes

100-BC

bft> (b) 82,588,391 4,724,925 15,882,662 103,195,978
byd (b) 3,058,829 174,997 588,247 3,822,073
bm3 (b) 2,338,655 133,796 449,749 2,922,201
100-DR

bft3 78,579,726 1,218,739 45,276,136 125,074,601
byd> 2,910,360 45,138 1,676,894 4,632,393
bm3 2,225,142 34,511 1,282,084 3,541,737
100-FR

bft -45,578,578- S 13,314,213 58,892,791
byd> 1,688,095 - 493,119 2,181,214
bm> 1,290,649 - 377,019 1,667,667
100-HR

bft3 43,832,244 351,125 14,408,496 58,591,865
byd3 1,623,416 13,005 533,648 2,170,069
bm3 1,241,198 9,943 408,005 1,659,146
100-KR

bt 115,805,767 969,504 $1,702,975 168,478,246
byd> 4,289,102 35,908 1,914,925 6,239,935
bm> 3,279.272 27,453 1,464,073 4,770,798
100-NR

b3 19,595.056 - 11,835,585 31,430,641
byd3 725,743 - 438,355 1,164,098
bms 554,873 - 335,148 890,021
300-FF

bft> 76,344,455 (c) 31.714.681 (d) 108,059,136
Bydd 2.827:572(c) 1,174,618 oy 4,002,190
bm> 2,161,846 (c) 898,065 (d) -3,059.911
Total, bft3 462,324,217 38,978,974 152,420,067 653,723,258
Total, byd3 17,123,119 1,443,666 5,645,188 24,211,973
Total, bm?3 13,091,635 1,103,768 4,316,079 18,511,482

{Appendix D), including, contaminated waste volumes, other waste volumes, total non-contaminated
sotl, and demolition waste volumes. The volumes for the non-ER sttes are the volume estimates
from the 1otal volume column in the non-ER volume estimate spreadsheets (Appendix F).

(b) bft3: bank cubic feet, byd3: bank cubic yards, bm?: bank cubic meters

{c) The 300-FF volumes inciude unpianned reieases {UPRs) from operable unit 3030-[U-1 that were not
inciuded in the WHC ER volumes. The UPRs are associated with the burial grounds that are
included in the WHC ER volumes and were therefore included in the ER volume estimates. The
volumes for the UPRs were calculated with the non-ER Volume models and are included in the ER
volume estimates in Appendix D.

(d) Pipeline volumes were not calculated for the 300 Area operable unit.

16
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Table 3. Contaminated Volume Estimates.

Operable Unit Total Volumes (a) Total Pipeline TOTAL
ER Non-ER Volumes

100-BC

bit3 (b) 43,604,634 3,631,634 3,177,333 50,413,601

byd? (b) 1,614,986 134,505 117,679 1,867,170

bm> (b) 1,234,752 102.837 89,973 1,427,562
100-DR

bt 41,198,137 399,733 10,961,379 52,559,249

byd3 1,525,857 14,805 405,977 1.946,639

bm?3 1,166,608 11,319 310,393 1,488,320
100-FR

bit3 21,872,315 - 3,434,940 25,307,255
' byd? 810,086 - 127,220 937,306

bm= 619,358 - 97,267 716,626
100-HR -

bft3 24,350,294 312,500 3,503,952 28,166,746

byd> 901,863 (1,574 129,776 1,043,213

bm?3 689,527 8.849 99,221 797,598
100-KR

bft3 61,524,216 142,262 13,175,919 74,342.397

byd3 2,278,675 5,269 487,997 2.771.941

bm> [,742,181 4,028 373,102 2,119,312
100-NR

bftd 9,068,843 - 3,359,988 12,428,831

byd3 335,883 - 124,444 460,327

bm?3 256,802 : . 95,145 351.947
300-FF

bt 36,199,281 (c) 21,153,669 (d) 57,352,950

byd3 1,340,714 (c) 783,469 (d) 2,124,183

bm> 1,025,055 (c) 599,008 (d) 1,624,063
Total, bft3 237,817,720 25,639,798 37,613,511 301,071,029
Totai, byd3 8,808,064 938,048 1,393,093 11,150,779
Total, bm? 6,734,284 717,193 1,065,102 8,525,428

(a) The ER waste site voiumes inciude only the contaminated volumes from the WHC ER volume
estimates (Appendix D). The volumes for the non-ER sites are the contaminated volumes from the
contaminated volume column in the non-ER volume estimate spreadsheets (Appendix F).

(b) bift3: bank cubic feet, byd3: bank cubic yards, bm>: bank cubic meters

(c) The 300-FF volumes include unplanned releases (UPRs) from operable unit 300-1U-1 that were not
included in the WHC ER volumes. The UPRs are associated with the burial grounds that are
included in the WHC ER volumes and were therefore included in the ER volume esiimates. The
volumes for the UPRs were calculated with the non-ER volume models and are included in the ER
volume estimates in Appendix D.

(d) Pipeline volumes were not calculated for the 300 Area operable unit.
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There are several factors that must be considered when estimating the amount of waste
that will be placed in the proposed ERDF trench:

A large percentage of the total excavated volume estimate includes clean soil which
will most likely be used as backfill at the waste sites.

The waste acceptance criteria for the proposed ERDF has not yet been established.

~Some of the waste contained in the burial grounds may not meet the waste acceptance

criteria.

The clean-up levels have not yet been set for the remediation of the waste sites. The
clean-up levels may have a significant impact on the amount of waste derived from
each waste site.

Pretreatment options, such as volume reduction via physical separation or soil
washing, may substantially reduce the volumes placed in the proposed ERDF.
Volume reduction will however, cause an increase in the concentrations of the
constituents placed in the ERDF. Treatment such as grouting, may increase the
volumes.

There is a potential for placement of 200 Area waste and contamninated soil in the
ERDF trench.
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3.0 ANALOGOUS SITES

Information from the field investigation and sampling for operable units 100-BC-1, 100-
DR-1. 100-HR-1, 100-NR-1 and 300-FF-1 were reviewed to estimate the types and
concenlrations of the constituents that are present in the sampled waste sites. A database was
deveioped to show the concentration of contaminates at incremental depths for each of the
sampled waste sites.

Sampling was performed on a representative selection of waste sites in the 100 Area and
300 Area operable units. To obtain information on non-sampled sites, each waste site was
evaluated based on site type, the use of the site, and the operational years, to determine
correlations between non-sampled waste sites and sampled waste sites. All waste site
information used in determining analogies was obtained from the WIDS genéral summary report.
The field investigation data from the sampled reference sites were extrapolated to all analogous
sites to estimate the probable contamination at the non-sampled waste sites. Appendix G lists the
sampled waste sites and all sites that are analogous to these sites.

Waste site constituent information was also obtained from the WIDS database and burial
ground log for 105-B (118-B-1) for non-sampled burial grounds. This information was used to
determine likely constituent contamination for non-sampled burial grounds and analogies for the
burial grounds.

There were 33 sites or groups of sites with sample data that were used as reference sites.
When a non-sampled waste site was considered analogous to a group of sites, the sampled waste
site with the highest radionuclide contamination levels and/or with the greatest percentage of
contaminated volume was used in the analysis for the non-sampled site. Many sites that had no
true analogy were considered to be conservatively analogous to a waste site or sites based on
sirnilar radionuclide constituents listed in WIDS, similar operations or waste streams, or similar
types of sites. The following is a list of the reference sites and a brief summary of the typical
sites that were considered analogous:

Sampled Waste Site Analogies:
* All septic tanks were assumed to be analogous to sites 1607-H2 and 1607-H4.

» Sites 116-B-1, 116-DR-1, 116-DR-2, and 116-H-1 were considered analogous to
liquid waste disposal trenches that received high activity effiuent produced by fuel
element failures. These sites were also used as analogies when processes described in
WIDS could have produced similar contamination, even though anticipated levels
would be lower.

» Pluto cribs receiving contaminated high activity effluent from process tubes
contaminated by fuel element failures or other sites receiving similar liquid wastes
were considered to be analogous to sites 116-B-3 and 116-D-2. Site dimensions of
analogous sites were similar to the 3 m by 3 m by 3 m (10 ft by 10 ft by 10 ft)
dimensions of the Pluto cribs.

» Larger cribs and sites that received low-level liquid waste were assumed to be
analogous to site 116-B-5. Much of the contamination in this waste site is tritium.
This site was also used as an analogy for sites of different construction that had
tritium bearing wastes discharged to them.
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All electrical facilities were considered analogous to the sampled electrical facility in
operable unit 100-HR-1.

All trenches and associated sites were considered to be analogous to sites 116-B-2,

~=116-D-1A, and 116-D-1B.- Since there are some-disparittes iir the contaminants found

in site 116-B-2 to those found in sites 116-D-1A and 116-D-1B, the highest levels
found in any of these were used for analogous sites.

All retention basins associated with reactor operations were assumed to be analogous
to sites 116-C-5, 116-D-7, 116-DR-9, and 116-H-7. Sludge samples were not
obtained from sites 116-D-7, 116-DR-9, and 116-H-7; therefore, an exact comparison
of the sludge constituent concentrations could not be performed. The radionuclide
constituents found beneath sites 116-D-7 and 116-H-7 are similar. The WIDS
database does not mention the presence of sludge for many of the sites assumed to be
analogous. Since the sludges were highly contaminated, the analogies may be over-
conservative if sludge 1s not present.

Sites 116-D-3 and 116-D-6 were assumed to be analogous to French drains with
potential low-level radionuclide contamination.

Site 116-H-3 received wastes generated during decontamination of fuel element
spacers. This site was considered to be analogous to sites receiving similar waste
streams.

Site 132-D-3 is an effluent pumping station and was assumed to be analogous to all
other effluent pumping stations that were potentially contaminated with
radionuclides.

Sites that are associated with exhaust air infiltration, seal pits, or received waste from
them are assumed to be analogous to sites 116-D-9 and 116-H-9.

Sites that received wastes generated during reactor shutdown and standby periods are
considered to be analogous to site 116-H-2. This site operated from 1953 to 1965 and
received minimal contamination.

Site 116-N-1 was a liquid waste disposal facility. Sites that received radioactive
water containing activation and fission products and/or small quantities of corrosive
liquids and laboratory chemicals are assumed to be 2nalogous to site 116-N-1.

Site 116-N-2 was a collection tank for N-Reactor primary piping decontamination
waste.

Unplanned releases UPR-100-N-4 and UPR-100-N-8 were sump overflows of
radioactive water to the soil. Similar spills were considered analogous.

Unplanned releases UPR-100-N-9 and UPR-100-N-14 were drain line leaks of
contaminated water. Similar line leaks were considered analogous.

Site 120-N-1 is used as an analogy for sites in the 100 Area that received corrosive
waste. This site is a percolation pond, but analogous sites vary in site type.

Sites 116-D-5 and 1 16-DR-5 are assumed to be analogous to all outfall structures and
-other-similar-sites that-received process efflnent from retention basins. Sites that
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received similar waste streams but were less contaminated, were assumed to be
analogous to sites 116-D-5 and 116-DR-5.

Site 130-D-1 is an underground storage tank that previously stored leaded gasoline.
This site 1s assumed to be analogous to all other gasoline tanks and unplanned
releases. There is no radionuclide contamination associated with these sites.

All sodium dichromate tanks are assumed to be analogous to the sampled sodium
dichromate tank in operable unit 100-DR-1.

All oil spills and o1l storage tanks are assumed to be analogous to site UPR-100-N-17.
There is no radionuclide contamination associated with these sites.

All standing or demolished structures that could contain low concentrations of mixed
waste are considered to be analogous to site 108-D. This site is a demolished office
building that contained a decontamination repair shop for contaminated reactor
process tube replacement equipment. The use of this building as an analogy may be
non-conservative for some facilities.

The 300 Area sanitary sewer system is used as an analogy for sites that received non-
radioactive sanitary waste water, non-radioactive janitorial wastewater, or non-
radioactive air conditioner cooling water.

Sites 316-1 (South Process Pond) or 316-2 (North Process Pond) are considered
analogous to sites that received cooling water and low-leve! liquid waste.

The 300 Area Process Trenches (site 316-3) is assumed to be analogous to other
disposal trenches in the 300 Area and facilities that discharged into the trench.

All ash pits are assumed to be analogous to the 300 Area Ash Pit.

The Filter Backwash Ponds in the 300 Area was assumed analogous to sites that
received non-hazardous filter backwash water.

Some of the burial grounds in the 300 Area are considered to be analogous to the 618-
5 bunial ground. This burial ground has minimal radionuclide contamination.

Non-sampled Burial Ground Analogies:

There are six sites that are estimated to have similar radioactive constituents to site

- 118-B-1. These sites typically consisted of multiple trenches and were highly

contaminated. The constituents that are listed in the WIDS database to be present
include Carbon-14, Cobalt-60, Cesium-137, Europium-152, Europium- 154,
Hydrogen-3, Nickel-63, and Strontium-90. .

Site 118-F-4 contains silica gel removed from gel tower in one of the 115-F dryer
rooms. This site contains Carbon- 14 and Hydrogen-3.

Site 118-F-6 1s assumed to be analogous to site 118-F-5. Both sites contained
approximately 10 Curies (Ci) of Strontium-90 and 118-F-5 also was listed as
containing 0.3 Ci of Plutonium-239. The burtal grounds are biology burial grounds
and not related to reactor operations.
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Site 118-K-1 is anticipated to contain the largest number of radioactive constituents.
This site is listed in WIDS as containing Carbon- 14, Cobalt-60, Cesium-137,
Europium-152, Europium-154, Europium-155, Hydrogen-3, Plutonium-239,
Plutonium-240, Strontium-90, Uranium-235, and Uranium-238.

Site 118-B-5 was used for highly contaminated wastes, such as old thimbles and step
plugs, that were removed from 105-B Building for the Ball 3X work in 1953. In the
WIDS database, the contamination was estimated as 1 Ci of Cobalt-60 decayed
through April 1, 1986. This equates to approximately 0.4 Ci of Cobalt-60 decayed
though April 1, 1994. All sites that were estimated to have approximately | Ci of
Cobalt-60 in the WIDS database were assumed to be analogous to this site. All other
burial ground sites that had little information provided and were listed as low-level or

 Jow-level-mixed waste were considered to be analogous to this site. Reactor exhaust

stacks were also considered analogous to this reference site.

Selected sites throughout the 100 Area and 300 Area operable units were determined not
to have analogous sites. These were evaluated based on information in the WIDS database to
ermine the appropriate concern ratings.
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4.0 WASTE CATEGORIES AND VOLUMES

This section includes a categorization of the contaminated waste volumes in the waste
sites for operable units 100-BC-1, 100-DR-1, 100-HR-1, 100-NR-1, and 300-FF-1. The volumes
were divided into five categories: non-TSCA hazardous, TSCA hazardous, non-TSCA mixed,
TSCA mixed, and radioactive. The analysis was based on field investigation and sampie data
from the reports listed in Section 1.0.

Waste sites with no field investigation data were categorized with the data from the
sampled waste sites (reference sites) that were considered analogous. The reference sites and
their respective analogies are discussed in Section 3.0. The analogous reference site(s) for each
non-sampled waste site s listed in Appendix G.

The volumes in this section are expected to be very conservative. The volumes for each
_category were determined by calculating the amount of contaminated volume in each waste site
that was over cut-off limits. Cut-off limits were considered to be synonymous to risk based
clean-up levels and background based clean-up levels. This is not an indication that the sites will
necessarily be remediated to background levels. Clean-up levels for the waste sites have not yet
been established; as clean-up levels are determined, the waste volume estimates may vary
substantially.

4.1 CUT-OFF LIMITS

The first step in the analysis of the contaminated volumes involved determining cut-off
limits for defining the wastes. The cut-off limits for inorganic, organic, and radioactive
constituents were used to define hazardous and radioactive wastes. Cut-off limits for inorganic
and organic constituents were used to determine the hazardous wastes, and cut-off limits for the
radionuclide constituents were used to determine the radioactive wastes. Volumes containing
both hazardous and radioactive constituents at levels exceeding cut-off limits were classified as
mixed waste. Clean-up levels have not currently been established by DOE or state regulators:
however, the cut-off limits in this study have been used in the past or are used by other agencies
as clean-up levels. As clean-up levels are established for Hanford Site waste sites, the waste
volume estimates may vary substantially.

For inorganic and organic constituents, clean-up levels for residential areas listed in the
Washington Admunistrative Code (WAC), Model Toxics Control Act--Cleanup, W AC-173-340-
740 were used as cut-off limits, when available. Many of the organic and inorganic cut-off limits
used in this study, were based on EPA Region 3 Toxicity Equivalence Factors. These toxicity
equivalence factors have been adopted by Region 10 and are anticipated to be a conservative
estimate of clean-up levels that will be established for remediation activities at the Hanford Site.
When EPA Region 3 values were not available, limits were based on EPA Region 2 Toxicity
Equivalence Factors. When risk based clean-up levels for inorganic constituents, were lower
than background levels, the 95 percent upper threshoid limits (UTLs) for Hanford soil
background levels were used as the cut-off limit. The 95 percent UTLs are defined in the
Hanford Site Background: Part 1, Soil Background for Nonradioactive Analvies (DOE 1993).
Soil constituents that are typically in high concentrations at background levels and are essential
nutrients to humans were not evaluated. These constituents will not normally be the controlling
contaminant in determining whether a material is a hazardous waste.

Since there are no past clean-up levels that have been established for radionuclide

constituents in Hanford sotls, the cut-off limits were based on the mean background level plus
three standard deviations. This approach has been used in the past for Washington state radiation
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permitting (WDH 1993). The background levels were obtained from the preliminary Soil
Background for Radioactive Analytes (DOE Draft, Not Yet Released). When values were not
available for background or the background limits were zero, the Washington Department of

- - -Health lower levels-of detection (LLDs) were used. The LLDs were obtained from the Annual

Report of the Environmental Radiation Program of the Department of Health (WDH 1991). If
values were not available from either of the above sources, the radionuclide concentration cut-off
lirnits were assumed to be synonymous with the radionuclide concentration at the Vernita site
(WHC 1993c). These values have been used in past feasibility studies as background levels. All
of the cut-off limits for radionuclide constituents were based on preliminary or draft data and
may change when final documents are published.

4.2 NON-BURIAL GROUND WASTE VOLUMES

- -.---Nogp-burial ground waste volumes include both contaminated soil and siudge from non-
burial ground waste sites. The soil and sludge volumes were categorized into non-TSCA
hazardous, TSCA hazardous, non-TSCA mixed, TSCA mixed, and radioactive waste by

determining the percentage of the volume over the cut-off limit. The volumes in each category

--are summarized in Table 4. - The analysis used in estimating the volumes for the non-burial

ground waste sites is discussed in this section.

The field investigation data in Appendix B was used in calculating the percentage of the

- -volume over the cut-off limit.- The-appendix lists the field investigation sample data at intervals

of 2.5 ft to 10.0 ft. Each interval lists a sampled value for the constituents present at the waste
sites. When more than one sample was taken in an interval, the high and low values of the

-~ earistituents are listed inthe interval: For-each waste site, the total number of sampled intervals

and the total number of intervals with data over the cut-off limits were counted. The tables in
Appendix H-1 list this information for each reference site or each group of reference sites for the
non-burial ground soil sites. The table in Appendix H-2 lists this information for the reference
sites with siudge. For groups of waste sites, the total intervals and intervals over the cut-off
limits are a summation of each of the waste sites in the reference group. All intervals were
weighted to account for the variation in sizes.

The percentage of waste volume over the cut-off limits was determined by dividing the
number of sampled intervals that contained data over the cut-off limits by the total number of
sampled intervals. The tables in Appendix H list the percentage of the waste volumes that are
over the cut-off limits for each constituent in each reference site or group of reference sites.

The volumes listed at the top of the tables in Appendix H include the sampled site(s) and
all the non-sampled sites that are considered to be analogous to the sampled site(s) (as discussed
in Section 3.0). The volume total in the appendix was multiplied by the respective percentages
for each constituent to determine the total contaminated volume expected to contain each
constituent. Table 5 lists the total volume, by operable unit, of waste over the cut-off limits for

== &ich Gl the constituentsin the soil volumes {rom the non-burial ground waste sites: Table 6

sirnilarly lists the total volume for each constituent for the sludge volumes in the non-burial
ground waste sites.

The volumes in Tables 5 and 6 for each constituent cannot be summed to give an overall
volume. Many of the individual constituent volumes are from the same sampled intervals.
‘These tables simply provide an indication of the types of constituents that will be present in the
categorized waste. Total volumes were estimated by comparing sample intervals and summing
the volumes. ‘



Table 4. Volume Summary for Waste Categories.

Volume

Volume | Volume | Volume | Volume | Volume Volume Volume Tolal
Over LimitjOver Limit[Over Limit{Over Limit}Over Limit] Over Limit |Over Limit|Over Limit]  Volume
. 100-BC 100-DR 100-FR 100-1IR 100-1U 100-KR 100-NR 300-FF | Over Limit
Categories (oyd3) | (byd® | yd®) | (byady | (byd?) (byd3) (byd?®) | (byd®) (byd3)
Suil Summary for Non-Burial Ground Waste Sites
Total TSCA Mixed Wasle 0 5,142 0 {] 0_ 0 ()m 2&4,694 ) 2_§‘_),836
Totat Non-TSCA Mixed Wasle 152,022 118,948 64,753 T4,i12 0 208,045 43,888 85,169 746,937
Total Mixed Waste 152,022 | 124,090 64,753 74,112 0 208,045 43 888 | 369,863 1,036,773
Total Non-Radioactive TSCA Hazardous 0 0 0 0 0 0 0 0 1]
Waslte '
Total Non-Radioaclive Hazardous Waste 0 3,912 3,057 0 7,506 77,161 | 256,233 68.813 416,684
{Non-TSCA)
Total Hazardous Waste (Non-Radicactive) 0 3912 3,057 0 7,506 77,161 | 256,233 68,815 416,684
Tolal Radioactive Waste (Non-Hazardous) | 910,002 | 770,060 | 355,204 | 496,040 0 [1,416,873 94,179 | 984,499 5,026,857
Sludge Summary for Non-Burial Ground Waste Sites
Total TSCA Mixed Waste 0 0 0 0 0 0 i 0 0 ‘ 0
Total Non-TSCA Mixed Waste 31,312 27,800 11,725 18,764 0 49,656 0 0 139,257 7
Total Mixed Waste 31,312 27,800 11,725 18,764 49,656 139,257
‘Total Non-Radioactive TSCA Hazardous 0 0 0 0 0 0 (§] 0 0
Waste
Total Non-Radioactive Hazardous Wasle 0 0 0 0 1 0 0 0 1]
(Non-TSCA)
Total Hazardous Waste (Non-Radioactive) 0 0 0 0 0 0 0 0 0
Total Radioactive Waste (Non-Hazardous) 0 0 0 0 0 0 0 0 0
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Table 4. Volume Summary for Waste Categories (Continued).

Volume | Volume | Volume | Volume | Volume Volume Volume | Volume Total
Over Limit|Over Limit}Over LimitlOver Limit|Over Limit| Over Limit {Over Limit{Over Limit] Volume
100-BC 100-DR 100-FR 100-HR 100-1U 100-KR 100-INR 300-FF | Over Limit
Categories byd®) | yd3 | bydd) | (byddH | (bydH (byd?) (byd3) | (byd3) (byd?)
Rubble, Debris, and Soil Summary for Burial Ground Waste Sites
Total TSCA Mixed Waste 0 0 0 0 0 0 0 41,800 41,800
Total Non-TSCA Mixed Waste 0 0 0 0 0 0 0 116,017 116,017
Total Mixed Waste 0 0 0 0 0 | 157,817 157,817
Total Non-Radioactive TSCA Haz‘prdnus ] 0 0 0 0 0 0 0 0
Waste e
Total Non-Rudioactive Hazardous Waste 0 0 0 0 0 0 0 0 0
(Non-TSCA) ‘
Total Hazardous Waste {(Non-Radioactive) 0 0 0 0 0 0 0 it 0
Total Radioactive Waste (Non-Hazardous) | 522,662 | 572,267 | 218,350 | 145,484 5,994 260,253 0 | 482,588 2,207,598
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Table 5. Summary by Consitutent for Non-Burial Ground Waste Sites with Soil.

Volume | Volume | Volume | Volume | Volume | Volume | Volume | Volume Total

Over Limit|Over Limit|Over Limit |Over Limit {Over Limit |Over Limit|Over Limit|Over Limit| Volume

Canslituent Cut-off Limit | 100-BC 100-DR 100-FR 100-HR 100-TU 100-KR 100-NR 300-FF |[Over Limit

(byd®) | (byd®) | yd®) | (byd?) | byd®) | bydd) | byd®) | (bydd) | (byd®)
Inorganic {mg/kp)

Aluminum 230,000(a) 0 0 0 0 0 0 0 0 0
Antimony 31(a) 0 0 0 0 0 g 0 0 0
Arsenic 8.92(b) | 133,766 | 110329 54,539 71,898 0] 192,058 21,944 19,668 | 604,202
Barium 5,500(a) 0 1] 0 0 0 ] 0 0 0
Berylium 1.77(b) 0 0 0 0 0 0 0 0 0
Cadmium 2(c) 5,832 5,856 5,532 1,425 0 717 22,618 81,810 [ 123,788

Chromium 100(c) 12,792 10,084 8,682 1,815 0 4,599 21,944 170,245 230,161 |
Cobalt (d) ()] (d) {d) (d) (d) (d) (d) {d) (d)
Copper 2,900(a) 0 5,090 ] 0 0 0 0 [ 141,496 | 146,586
Iron (d) (d) (d) (d) (d) (d) ()] (d} (d} (d)
Lead 250(c) 54,898 49,920 24,359 30,825 0 78,559 21,944 84,804 | 345309
Magnesium (d) {d) d) (d) () (d) (d) (d) (d} (d)
Manganese 10,900(e) 0 0 0 0 0 0 0 0 0
Mercury 1.25(b) 9,492 5037 5,532 1,425 0 717 21,944 | 170,245 | 218,391
Nickel 1,600(a) 0 636 0 0 0 0 17,687 17,687 36,010
Polassium (d) (d) (d) (d) (d) d) (d) (d) (d) (d}
Selenium 390)(a) 0 0 0 0 0 0 0 0 o
Silver 390(a) 0 636 0 0 0 0 17,687 17,687 36,010
Sodium (<) (d) (d) (d) {d) (d) (<) (d) (d) {d)
_ Sulfate {d) (d) (d) {d) {d) (d) (d) () (d) {d)
Thallium 5.5(a) 0 0 0 0 0 0 0 0 0
Vanadium 550(a) 0 4] 0 0 0 0 0 0 0
Zinc 23,000(a) 0 0 0 1] 0 0 0 0 0

Organic {(mg/kg)

Acetone 7,800(a) 0 0 0 0 0 0 0 0 0
Benzene 0.5(c) - 0 0 0. 0 0 0 0 0 0
2-Butanone 47.000(a) 0 0 0 0 0 0 0 ¢ 0
Carbondisulfide 7.800(a) 0 0 0 0 0 0 0 0 {
1,2-Dichloroethene (fotal) 700(a) 0 0 0 0 0 0 0 0 0
4-Methyl-2-Pentanone 3,900(a) 0 0 0 0 0 0 0 0 0
Methylene Chloride 0.5(c) 0 1] 0 0 0 0 0 0] 0
__Teirachloroethene 0.5(c) 0 0 0 0 0 0 0 0 0
Toluene 40(c) 190 170 36 0 0 66 0 0 463
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‘Table 5. Summary by Consitutent for Non-Burial Ground Wasie Sites w1th Soil (Continued).

Volume | Volume | Volume | Volume | Volume | Volume | Volume | Volume Total
' . Over Limit |Over Limit{Over Limit|Over Limit|Over Limit|Over Limit|Over Limit{Over Limit| Volume
' Cnnsliiluem Cut-off Limit | 100-BC 100-DR | 100-FR 100-HR 100-1U 100-KR | 100-NR | 300-FF Over Limit
| : by | oys®) | byad) | oyad) | yd®) | oyah | Gy | Gyd) | yd)
Organ:ic (continued) {mp/kg) o 1
Trichloroethiene 0.5(c) 0 0 0 0 - 0 D 0 0 0
~ Vinyl Chloride 0.63(a) 0 0 0 0 0 0 0 0 0
Acenidphibeie 4,700(a) 0 0 0 0 0 0 0 0 0
Anthrucene 23,000(a) 0 0 0 0 0 0 0 0 0
Benzo(a)anthracene 1.6(a) 11,664 10439 | 11,063 2,850 0 1,434 43,888 3,961 85,299
~ Benzb(aypyrene 0.16(a) | 18,396 11,043 | 14,235 3,232 0 5,306 43,888 3961 100,061
_Benzib)lluoranthene 1.6(a) | 11,664 10439 | 11,063 2,850 - @ 1,434 43,888 3,961 8 5,299
_ Benzo(ghijperylene 2,300(1) . 0 0 0 0 - 0 0 0 0 0
Benzp(k)ﬂuc')ranlhcnc ‘ 1.6(g) . 0 0 0 0 0 0 0 0 0
~ Benzoic Acid 310,000(a) . 0 0 0 0 0 0 0 0 0
__Bis (2-cthylhexhl) phthalate 85(a) . 0 0 0 0 -0 0 4] 0 0
_ Bulyfbenzylphthalate 16,000(a) 0 0. 0 0 0 0 0 0 0
Carbizole 60(a) 0 0 0 0 -0 0 0 0 0
_Carbon T(_,“_.I_L!()llde R 9.2(a) 0 0 0 0 - 0 0 0 0 0
4-Chloro-3- Muhylphcnol 1h) - 0 ¢ 0 0 0 0 0 0 0
2-Chlorophenol 390(a) . 0 0 0 0 - 0 0 0 0 0
Chloroform 200(a) . 0 0. 0 0 - 0 0 0 0 0
4-Chloroaniline 310(a) . 0 0 0 0 0 0 0 0 0
Chrysene i6(g) 0 0 0 0 0 0 0 0 0
~Di-n-octyl-phthalate 1,600(a) - 0 0 0 0 0 0 0 0 0
_Di-n-butyl-phthalate 7,800(a) . 0 0 0 0 0 0 0 0 0
_Dibenzofuran 2.300() 0 0 0 0 0 0 0 0 0
1,3 Dichlorobenzene 1,000¢a) | 0 0 0 0 0 0 0 0 0
1,4 Dichlorobenzene 50(a) . 0 g 0 0 0 0 0» 0 0
_ Dicthyl phthalate 63,000(a) . Q0 0 0 0 0 0 0 0 0
~ Ethylbenzene 20(c) 0 0 0 0 0 0 0 0 0
_ Fluoranthene 3,100(a) . 0 0 0 0 0 0 0 0 0
_ Flucrene 3,100(a) . 0 0 0 0 0 0 0 0 0
_Indeno(1,2,3- Ld)pyrenc B 1.6(a) .| 0 0 0 0 0 0 0 0 0
~ 2-Hexanone 3,900(g) . 0 0 0 ] 0 0 0 0 0
2- l\’lelh_v_lmphllmlent, ~ o 2,300(h) Q 0 0 0 0 0 0 0 0
4-Methyphenaol 390(a) 1] 0 0 0 0 0 0 0 0
Naphthalene 3,100(a) )] 0 0 0 0 0 0 0 0
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Table 5. Summa by Consitutent for Non-Burial Ground Waste Sites with Soil (Continued).

Volume | Volume | Volume | Volume | Volume | Volume | Volume | Volume Total
: Over Limit |Over Limit|Over Limit |Over Limit |Over Limit|Over Limit|Over Limit{Over Limit| Volume
Constituent Cut-off Limit | 100-BC 100-DR 100-FR 100-HR 100-IU 100-KR | 100-NR 300-FF |Over Limit
' (byd3) | (byd®) | (byd® | bydd) | byd® | ydd | bydd) | bydd | wydd
Organic (continued) {mg/kg)
2-Nitrophenol 4,800(1) 0 0 0 0 0 0 0 0 0
N-Nitrosodiphenylamine 240(a) 0 0 0 0 0 0 0 0 0
Pentachlorophenol 10(a) 0 t] 0 0 0 0 0 N 0
Phenathrene 2,300(D) 0 0 0 0 0 0 0 0 0
Phenol 47,000(a) 0 0| 0 0 0 0 0 0 {
b1, 1-Trichlorocthane 20{(c) 0 0 0 0 0 0 0 0 0
Pyrene 2,300¢a) 0 0 0 0 0 0 0 0 0
 Xylenes 20(c) 0 0 0 0 0 0 0 0 0
24-D 780(a) 0 0 0 0 0 0 0 0 0
4,4'DDD 5(a) 0 0 0 0 0 0 0 0 0
4,4DDE 3.5(a) 0 0 0 0 0 0 0 0 0
Aldrin 0.07(a) 0 0 0 0 0 0 0 0 0
Aroclor-1248 0.16(a) 0 3,181 0 0 0 0 0| 88435 | 901616
Aroclor-1254 0.16(a) 1] 4,454 0 0 0 0 0 123,809 128,263
Aroclor-1260 0.16{a) 0 0 0 0 ] 0 0 0 0
Beta-BHC - Lindane 0.92(a) 0 0 0 0 0 0 0 0 0
Dieldrin 0.075(a) 0 0 0 0 0 0 0 0 0
Endrin 23(a) 0 0 0 0 0 0 0 0 0
Gamma-Chlordane 0.92(a) 0 0 0 0 1] 0 0 ] 0
Heptachlor 0.27(a) 0 0 0 0 0 0 0 0 g
Radionuclide {(pCi/g)
Americium-24} 0.06(p) 1 219,814 169,989 87,097 | 108,834 01 300,276 22,084 LOBL | 910,075
Beryllium-7 O{n) 1,191 1,065 226 0 0 415 0 0 2,897
Carbon-14 O(n) | 580,234 | 454,602 | 233,491 | 295,106 0| 821262 107 59,995 12,444,799
Cesium-134 0.0388(n) 0 0 0 1] 0 0 0 0 0
Cesium-137 3.517(n) | 361,559 | 270,363 | 138,758 | 178,937 0 [ 501,519 140 17,687 {1,468,963
Chromium-31 O(n) 0 0 0 0 0 0 0 0 0
Cobalt-58 ((n) 17,267 3,704 7,382 827 0 9,322 0 0 38,502
Cobait-60 0.0147(n) | 471,433 | 387,368 | 182,955 | 242063 0! 664,986 54,202 | 577,760 [2.580,768
Europium-152 0.04(p) | 860,111 | 693896 | 332,704 | 459,688 0 11,247,264 43,888 3,961 |3,641,513
Europium-154 O.1151(n) | 545,198 | 426,303 | 208,883 | 283,274 0] 782318 0 0 2,245,975
Europium- 155 0.0781(n) 0 0 0 0 0 0 0 0 0
Gross Alpha Bd{o) | 261,203 | 2453521 08,221 149,675 0] 400,801 571 | 604,171 |1,760,164
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Table 5. Summa

by Consitutent for Non-Burial Ground Waste Sites with Soil (Continued).

Volume | Volume | Volume | Volume | Volume | Volume | Volume | Volume Total
Over Limit {Over Limit|Over Limit|Over Limit [Over Limit{Over Limit|Over Limit|Qver Limit} Volume
Constituent Cut-off Limit| 100-BC | 100-DR | (00-FR 100-HR | 100-1U 100-KR | 100-NR | 300-FF |Over Limit
(byd®) | byd®) | oy | oyd®) | oyd®) | oyd®) | oyd}) | (bydh) | (oyd?
Radionuclide {continued) (pCi/g) :
_Gross Bela 16(0) | 964,954 | 806,701 | 367,059 | 526,466 011,432,112 94,012 | 569,137 4,760,441
Plutonium-238 00045(n) | 52,092 | 8,178 | 21,614 | 2,483 0] 27,691 0 "0 112,058
__Plutonium-239/240 0.0203(n) | 379,192 | 304,991 | 146,015 | 199,677 0 | 543,546 22,230 1,981 11,597,631
_Potassiumn-40 18.48(n}) 9,725 873 4,582 552 0 5,592 "0 0 21,323
CRadiom 226 1 1.037(n) | 241,578 | 214,854 | 93,129 | 141,076 0| 371,102 | 21944 { 46,897 |1,130,579
CSodiwn-22 0 0 O 1,010,283 | 839,800 ] 381,453 | 562,327 011,519,750 0 0 14,313,673
__Strontium-90 _0.3135(n) | 736442 | 597,773 | 283,541 | 392,380 0 1,070,703 53,776 | 224,019 |3,358,634
_Technetium-99 o O(n) | 373,315 | 295725 | 142478 | 197,886 0] 543,044 61,722 70 11,614,239
_Thorium-228 2.5(0) 24,530 23051 1 9,185 14,700 0 38,900 0 35,374 | 145,741
Thorium-232 1.308(n) 5,832 7,128 5,532 1,425 0 117 21,944 55,042 97,619
Uraninm-233/234 1.366{n) 5,832 25,579 5,532 1,425 0 717 21,944 | 610,906 | 671,934
_ Uranium-2335 0.0507(n) | 77,535 89,239 32,380 44,395 0] 114,426 21,944 | 610,906 | 990,825
Uranium-238 1.388(n) 5,832 24,764 | 5,532 1,425 0 717 21,944 | 588,266 | 648,480
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DOE/EM-40 Data Call
Qualifier List
(a) Value is based on EPA Region 3 Toxicity Equivalence Factor, Wthh has been

adopted by EPA Region 10.

(b} Value listed is 95% UTL for Hanford soil background, Preliminary Hanford Site
Background: Part 1, Soil Background for Nonradioactive Analytes.

(c) Value is based on State of Washington Model Toxics Control Act Regulation.

(d) Value is typically found in high concentrations at background levels in soils and is
considered to be an essential nutrient to the human body. Therefore, it was not
evaluated in this report.

(e) Value is based on the reference dose for food of 0.14 mg/kg/d.

(f) Value listed assumes this compound has the toxicity of pyrene.

(g) Value is based on EPA Region II Toxicity Equivalence Factor.

(h) No value provided for this constituent; this value is assumed to be conservative based
on similar constituent values.

(1) Value listed assumes this compound has the toxicity of 4-Nitro Phenol.

(j) Value listed assumes this compound has the toxicity of 4-Methyl-2-Pentanone.
(k) Risk based value is less than the background level, therefore 95% UTL is used.
(1) Sample is not listed in field investigation data; value is assumed to be zero.

(m) This is an older facility; therefore, it is assumed to contain 5% lead.

(n) Value is based on preliminary data from the Hanford Site Background: Part 2, Soil
Background for Nonradioactive Analytes (Hoover 1993).

(o) Background radiation value is based on sampie data from the Vemnita Site.

{(p) LLDs from the /99! Annual Report of the Environmental Radiation Program of the
Department of Health.
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Talble 6. Summary by Constituent for Non-Burial Ground Waste Sites with S:ludge.

Volume Volume Volunie Volume “Volume Volume Volume Tolal
_ Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Volume
Constituent Cut-off Limit 100-BC 100-DR 1(X)-FR 100-HR | 100-KR 100-NR 300-FF | Over Limit
byd) | @ydh | @ydd) | ydd | oyd®) | Gydd) | (bydd) | (byd))
Inorganic (mg/kg)
Aluminum 230,000(a) 0 0 0 0 0 0 0 0
Antimony ~ 3(a) ] 0 0 0 0 0 0 0
Arsenic 8.92(b) 0 0 0 0 0 0 0 0
‘Barium 5,500(a) 0 0 0 0 0 0 0 Q
Beryilium 1.77(b) 0 0 0 0 0 0 0 Q
Cadmium 2(¢) 0 0 0 0] 0 0 0 0
Chromium o 100c) | 31,312 27,800 11,725 18,764 | - - 49,656 0 0 139,257
Cobalt (d} {d) (d) (d) (d) (d) (d) () (d),
Copper 2,900(a) 0 0 0] 0] 0 0 0 0
ron (d} {d) _{d) ) (d) (d) (d) (d) (d)
Lead 250{c) 15,656 13,800 5.863 6,382 24,828 0 0 69,629
Magnesium (d) (d) () (d) (d) (d) () (d) @
Manganese 10,500(e) 0 0 0 0] . 0 0 0 0
Mercury 1.25(b) 31,312 27,800 11,725 18,764 | . 49,656 0 0 139,257
Nickel 1,600(a) 0 0 0 0] 0 0 0 0
Polassium (d) (d) (d) (d) (@ %) (d) (d) (d)
Selenium 390(a) 0 0 0 0 0 0 0 0
Sibver o 390(a) 0 0 0 0 0 0 0 0
Sodium (d) (d). (d) @) @ (@) (@) () (@)
Sulfwe () (d) (d) (d) (d) (@) @) () (d)
Thallium 5.5(a) 0 0 0 0 0 0 0 0
Vanadium 550(a) 0 0 0 0 0 0 0 0
Zing 23,000(a) 0 0 0 0 0 0 0 0
Organic (mg/kg)
Acetone 7.800(a) 0 0 0 0 0 0 0 0
Benzene .5(c) 0 0 0 0 0 0 0 0
2-Bulanone 47,000(a) 0 0 0 0 0 0 0 0
Carbondisulfide ~ 7.800¢a) | 0 0 0 0 0 0 0 0
1,2-Dichlorocthene (total) | 700(a) 0 0 0 0 0 0 0 0
A4-Methyl-2-Pentanone o 3.900(a) 0 0 0 4] 0 0 0 0
Methylene Chloride F 0 5(e) 0 0 0 0 0 0 0 0
Tetrachlorocthenc 5(¢) 0 0 0 0 0 0 0 0
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Table 6. Summary by Constituent for Non-Burial Ground Waste Sites with Sludge (Continued).

Volume Volume Volume Volume Volume Volume Volume Tolal
‘ Over Limit | Over Limit | Over Limit | Over Limit | Over Limit { Over Limit | Over Limit | Volume
Conslituent Cut-off Limit 100-BC 100-DR 100-FR 100-HR 100-KR 100-NR 300-FF | Over Limit
(byd3) (byd3) {byd?) (byd3) (byd3) (byd3) (byd3) (byd3)
Organic (continued) (mg/_k_g_)
Toluene 40(c) 0 1] 0 0 0 0 0 0
Trichloroethene S(c) 0 0 0 0 0 0 0 0
Vinyl Chloride 0.63(a) 0 0 0 0 0 0 0 0
Acenaphthene 4,700(a) 0 0 0 0 0 0 0 0
Anthracene 23,000(a) 0 0 0 0 0 0 0 0
Benzo{a)anthracene 1.6(a) 0 0 0 0 0 0 0 0
Benzo{a)pyrene 0.16(a) 0 0 0 0 0| 0 0 0
Benzo(b)fluoranthene 1.6(a) 0 0 0 0 0 0 0 0
Benzo(ghi)perylene 2,300(6H) 0 0 0 0 0 0 0 0
Benzo(k)luoranthene 1.6(g) 0 0 0 0 0 0 0 0
Benzoic Acid 310,000(a) 0 0 0 0 0 0 0 0
Bis (2-ethylhexhl) phthalate 85(a) 0 ¢ 0 0 0 0 0 0
Butyibenzylphthalate 16,000(a) 0 0 0 0] 0 0 0 0
Carbazole 60(a) 0 0 0 0 0 0 0 0
Carbon Tetracloride 9.2(a) 0 0 0 0 0 0 0 0
4-Chloro-3-Melhylphenol 10(h) ¢] 0 0 0 0 0 0 0
2-Chlorophenol 390(a) 0 0] 0 0] 0 0 0 O
‘Chloroform 200(a) 0 0 0 0 0 0 0 0
4-Chloroaniline 310(a) | 0 0 0 0 0 0 0 0
Chrysene 16(g) 0 0 0 0 0 0 0 0
Di-n-octyl-phthatate 1,600(a) 0 ) 0 0 0 0 0 0
Di-n-butyl-phthalate 7,800(a) 0 0| 0 0 0 0 0 (
Dibenzofuran 2,300(H 0 0 0 0 0 0 0 {}
1,3 Dichlorobenzene 7.000(a) 0 0 0 0 0 0 0 0
1,4 Dichlorobenzene 50(a) 0 0 0 0 0 0 0 0
Diethyl] phthalate 63,000¢a) | -+ 0 0 0 0 0 0 0 0
Ethylbenzene 20(c) 0 0 0 0 1] 0 0 0
Fluoranthene 3,100{a) 0 0 0 0 0 0 0 0
Fluorene 3,100(a) 0 0 0 0 0 0 0 0
Indeno(1,2,3-cd)pyrenc 1.6(a) 0] 0 0 0 0 0 0 0
2-Hexanone 3.900(g) 0 0 0 0 0 0 ] 0
2-Methylnaphthalene 2,300 0 0 1] 0 0 0 0 0
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Table 6. Summaly by Consllluent for Non-Burial Ground Waste Sites with Studge (Continued).

Volume - Volume Volume Volume - | Volume Volume Volume Total
= Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | - Volume
'Constituent Cut-off Limit 100-BC 100-DR 100-FR 100-HR ! 100-KR 100-NR 300-FF | Over Limit
o 1 ooy | mydd) | yed) | ydd) | pydd) | byd) | Gydd) | byd?)

Organic {continucd) (mg/kg) - !

4-Methyphenol 390(a) 0 0 0 ¢ 0 0 0 0
Naphthalene 3,100(a) 0 0 0 0 0 0 0 0
2-Nitrophenol 4,800(i) 0 0 0 0 0 0 0 0
N-Nitrosodiphenylamine 240(a) 0 0 0 0 0| 0 0 0
Pentachloroplienol 10{a) 0 0 0 0 0 0 0 0
Phenathfeie 2,300(f) 0 0 0 0 0 0 0 0
Pheno} . 47,000(a} 0 0 0 0 0 0 0 1]
1,1, 1-Trichloroethane 20(c) 0 0 0 t] 0 0 0 0
Pyrene - 2,300(a) 0 0 0 0 0 - 0 0 0
Xylenes: 20(c) 0 0 0 0 0 0 0 0
24D 780(a) 0 0 0 0 0 0 0 0
44DDD | 5(a) 0 0 0 0 0 0 0 0
44DDE 3.5(a) 0 0 0 8] 0 0 0 0
Aldrin_© 0.07(a) 0 0 0 0 0 0 0 0
Aroclor-1248 0.16{a), 0 0 0 0 0 0 0 0
Aroctor-1254 0.16(a). 0 0 0 0 0 0 0 0
Araclor-1260 0.16(a) 0 0 0 0 0 0 0 0
Beta-BHC - Lindane 0.92(a) { 0 0 0 0 0 0 0
Dicldrin 0.075(a) 0 0 0 0 0 0 0 0
Endrin ' _ 23(a) 0 0 0 0 0 0 0 0
“gamma-Chlordane (1.92(a) 0 0 0 0 0 0 0 0
Heptachlor (0.27(a) 0 0 "0 0 0 0 0 0
Radionuclide, (pCi/g) ' f

Americium-241 0.06(p) 31,312 27,800 11,725 18,764 49 656 0 0] 139,257
Beryllium-7 - 0(n) 0 .0 0 0 0 0 0 0
Carbon-l4_ = O(n) 31,312 27,800 11,725 18,764 49,656 0 0 139,257
(‘Lsium‘ 134 0.0388(ny | 0 0 0 0 0 0 0 0
Cesium- 137 ] 3.517(n) 31,312 27,800 11,725 18,764 49,656 0 0 139,257
Cliromitin-51_ O} 0 0 0. 0 0| 0. 0 0
Cobal-58 oy ) 0 0 0 0 O 0 0 0
Cobalt-60 0.0147(n) 31,312 27,800 11,725 18,764 49,656 0 0 139,257
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Table 6. Summary by Coastituent for Non-Burial Ground Waste Sites with Sludge (Continued).

Volume Volume Volume Volume Volume Volume Volume Total
Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Over Limit | Volume
Constituent Cut-off Limit 100-BC 100-DR 100-FR 100-HR 100-KR 100-NR 300-FF | Over Limit
(byd?) (byd3) (byd3) (byd3) (byd?) (byd?) (byd) (byd3)

Radionuclide {pCi/g)
Eusopium-152 0.04(p) 31,312 27,800 11,725 18,764 49 656 0 0 139,257
Europium-154 0.1151(n) 31,312 27.800 11,725 18,764 49,656 0 0 139,257
Europium-155 0.0781(n) 31,312 27.800 11,725 18,764 49,656 0 0 139257
Gross Alpha 8.4{0) 31,312 27,800 11,725 18,764 49 656 0 0 139,257
Gross Beta 16(o) 31,312 27.800 11,725 18,764 49 656 0 0 139,257
Plutonium-238 0.0045(n) 31,312 27,800 11,725 18,764 49 656 0 0 139,257
Plutonium-239/240 0.0203(n) 31,312 27,800 11,725 18,764 49,656 0 0 139,257
Potassiuvm-40 18.48{n) 0 0 0 0 0 0 0 0
Radium;226 1.037(n) 0 0 1] 0 0 0 0 0
Sodium-22 O(n) 0 0 0 0 0 0 0 0
Strontium-90 0.3135(n) 0 0 0 -0 0 0 0 0
Technetium-99 O{n) 0 0 0 0 0 0 0 0
Thorium-228 2.5(0) { 0 0 0 0 0 0 0
Thorium-232 1.308(n) 0 0 0 4] 0 0 0 0
Uranium-233/234 1.366(n) 15,656 13,900 5,863 9,382 24,828 0 0 69,629
Uranium-235 0.0507(n) 15,656 13,900 5,863 9,382 24,828 0 0 69,629
Uranium-238 1.388(n) 15,656 13,900 5,863 9,382 24,828 0 0 69,629
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DOE/EM-40 Data Call

Qualifier List
s based on EPA Region 3 Toxicity Equivalence Factor, which has been
_-adopted by EPA Region 10.

(b) Value listed is 95% UTL for Hanford soil background, Preliminary Hanford Site
Background: Part 1, Soil Background for Nonradioactive Analytes.

(c) Value is based on State of Washington Model Toxics Control Act Regulation.

(d) Value is typically fourid in high concentrations at background levels in soils and is
considered to be an essential nutrient to the human body. Therefore, it was not
evaluated in this report.

(e} Value is based on the reference dose for food of 0.14 mg/kg/d.

(f) Value listed assumes this compound has the toxicity of pyrene.

(g) Value is based on EPA Region II Toxicity Equivalence Factor.

(h} No value provided for this constituent; this value is assumed to be conservative based
on similar constituent values.

(i) Value listed assumes this compound has the toxicity of 4-Nitro Phenol.

(j) Value listed assumes this compound has the toxicity of 4-Methyl-2-Pentanone.
(k) Risk based value is less than the background level, therefore 95% UTL is used.
(1) Sampie is not listed in field investigation data; value is assurmned to be zero.

{(m) This is an older facility; therefore, it is assumed to contain 5% lead.

(n) Value is based on preliminary data from the Hanford Site Background: Part 2, Soil
Background for Nonradioactive Analytes (Hoover 1993). -

(0) Background radiation value is based on sample data from the Vernita Site.

{(p) LLDs from the 199! Annual Report of the Environmenial Radiation Program of the
Department of Heulth.

36



TR R o e w

DOE/RL/12074--29 Rev. 0

Sites that were not analogous to any of the sampled sites were assumed to have
contaminant concentrations equal to the average of all the sampled data. Since most of the sites
suspected of having higher contamination concentrations have been investigated more
thoroughly, it is anticipated that this assumption is quite conservative.

Total volumes of hazardous, radioactive, or mixed waste were determined by checking
the contaminated intervals to eliminate overlapping volumes and summing the remaining
volumes of contaminated volumes. The hazardous volumes and radioactive volumes were
compared to determine the quantity of mixed waste. The hazardous and mixed waste categories
were divided into TSCA waste and non-TSCA waste. The TSCA category may contain
~-materials that are contaminated with both RCRA defined hazardous constituents and TSCA
defined hazardous constituents. The non-TSCA category contains only volumes that are
contaminated with hazardous constituents that are not regulated by TSCA. The estimates of the
non-TSCA hazardous waste, TSCA hazardous waste, non-TSCA mixed waste, TSCA mixed
waste, and radioactive waste for each reference site or group of reference sites are listed in
Appendix H-1 for the soil volumes from the waste sites, and Appendix H-2 for the sludge
volumes from waste sites. Table 4 summarizes, by operable unit, the total volume of
contamunated soil in each waste category; there is a separate summary for soil and sludge
volumes.

4.3 BURIAL GROUND WASTE VOLUMES

All burial grounds are summed together to provide an overall estimate of the volume of
rubble/debris and associated soil expected from these sites. Much of the material will require
grouting and/or placement in single use containers prior to disposal in the ERDF.

Waste volumes for sampled burial grounds, were categorized as discussed above. The
sampled burial grounds include 618-4 and 618-5. There were also several 300 Area burial
grounds that were considered analogous to 618-5.

The contamination levels at the remaining burial grounds is much higher than the
sampled sites. Based on information provided in the WIDS database and limited burial ground
logs, the non-sampled burial grounds were assumed to be 100 percent radioactively
contaminated. None of the non-sampled burial ground waste was categorized as hazardous or
mixed; however, it is probable that there is some mixed waste present in the burial grounds.

- The estimates of the non-TSCA hazardous waste, TSCA hazardous waste, non-TSCA
mixed waste, TSCA mixed waste, and radicactive waste for groupings of burial grounds are
listed in Appendix H-3. Table 4 also summarizes, by operable unit, the total volume from the
burial ground for each of the waste categories. Table 7 lists the total volume of waste over the
cut-ott limits for each of the constituents in the burial ground.

Some of the waste in the burial grounds may be transuranic (TRU) or high-level waste.
However, it is difficuit to assure its existence or estimate quantities with the limited data that is
currently available. The burial ground waste volumes that do not meet the ERDF waste
acceptance criteria will require alternate disposal.
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Table 7. Summary by Constituent for Burial Grounds.

Volume Volume | Volume { Volume | Volume | Volume | Volume | Volume Total
Over Limit |Over Limit|Over Limit |Over Limit|{Over Limit|Over Limit|Over Limit]Over Limit} Volume
Cunstiluent Cut-off Limit] 00-BC 100-DR | 100-FR 100-HR | 100-IU 100-KR | 100-NR | 300-FF | Over Limit
byd) | oyad | oyad) | yed) | ydh) | @yad) | @ydh) | 0y | oyd)
Inorganic {mg/kg) l
Aluminum 230,000(a) 0 0 0 0 0 0 0 0 0
Antimeny 3@ | 0 0 0 0 0 0 0 0 0 |
“Arsenic S 8.92(h) 0 0 0 0 0 0 0 0 0
Barium 5,500(a) 0 0 0 0 0 0 0 0 0
Beryllium 1.77¢(h) 0 0 0 0 0 0 0 0 0
Cadmium 2(c) 0 0 0 0 0 0 0 58,009 58,009
| Chromium H0(c) 0 0 0 0 0 0 0 20,900 20,900
Cobalt {d) (d) (d) (d) (d) (d) (d) (d) (d) (d)
Copper 2,900(a) ] 0 0 0 0 0 0 0 0
Tron o (d) (d) d) (d) (d) (d) (d) (d) (d) (d)
Tead ) 250(c) 0 0 0 0 0 0 0] 13933 13,933
Magnesium (d) (d) () (d) (d) {d} (d) (d) @ (d)
Manganese 10,900(e) 0 0 0 0 0 0 0 0 4]
Mercury _ 1.25(b) 0 0 0 0 0 0 0] 136917 136,917
- Nickel 1,600(a) 0 0 0 0 0 0 0 0 0
| Polassium (d) () (@ (d) (d) (d) (d) ) ) (d)
i Selenium 390(a) 0 .0 0 0 0 0 0 0 0
Silver 390(a) 0 0 0 0 0 0 0 0 0
Sodium (d) (d) (d) (d} (d) (d) {d) (d) (d) {d)
Sulfate (d) (d) (d) (d) (d) (d) (d) (@) (d) N
Thallium 5.5(a) 0 0 0 0 0 0 0 0 0
Vanadium 550(a) 0 0 1] 0 0 0 0 0 0
Zinc 23,000(a) 0 0 0 0 0 0 0 0 0
Organic {mg/kg) -
‘Acetone 7,800(a) 0 0 0 0 0 0 0 0 0
Benzene 0.5(c) 0 0 0 0 0 0 0 0 0
2-Butanone 47,000(a} 0 0 0 0 0 0 0 0 0
Carbondisul{ide 7,800(a) 0 0 0 0 0 0 0 0 0
1,2-Dichlorocthene (total) | 700(a) 0 0 0 0 0 0 0 0 0
4-Methyl-2-Pentanone 3.900(a) | 0 0 0 0 0 0 0 0 0
Methylene Chioride 0.5(c) 0 0 0 0 0 0 0 0 0
Tetrachlorogthenc 0.5(c) 0 0 0 0 0 0 0 0 0
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Table 7. Summary by Constituent for Burial Grounds (Continued).

Volume Volume | Volume | Volume | Volume | Volume | Volume | Volume Total
| Over Limit |Over Limit {Over Limit |Over Limit|Over Limit [Over Limit |Over Limit |Over Limit{ Volume
Constiluent Cut-off Limit] 100-BC 100-DR | 100-FR | [00-HR | 100-IU 100-KR | 100-NR | 300-FF | Over Limit
(byd3) (byd3) (byd?) (byd>) (byd?) (byd3) {byd> | (bydd) (byd3)
(rganic (continued) {(mg/kg)
Toluene 40(c) 0 0 0 0 0 0 0 0 0
Trichloroethene 0.5(c) 0 1] 0 0 0 0 0 0 0
WVinyl Chloride 0.63(a) 0 0 0 0 0 0 0 0 0
Acenaphthene 4,700{a) 0 0 0 0 ] 0 0 0 0
Anthracene o 23,000(a) 0 0 0 ] 0 0 0 0 0
Benzo(a)anthracenc 1.6(a) 0 0 0 0 0 0 0 0 0
Benzo(a)pyrene 0.16(a) 0 0 0 0 0 0 0 0 t]
Benzo(b)fluoranthene 1.6¢a) 0 0 0 0 0 0 0 0 0
Benzo(ghi)perylene 2,300(h) 0 0 0 0 0 0 0 0 0
Benzo(k)fluoranthene 1.6(g) 0 0 0 0 0 0 0 0 0
Benzoic Acid 310,000{a) 0 0 4] 0 0 0 0 0 0
Bis (2-ethylhexhl) phthalate 85(a) 0 0 0 0 0 0 0 0 0
Butylbenzylphthalate 16,000(a) 0 0 0 0 0 0 0 0 0
Carbazole 60(a) 0 0 0 0 0 0 0 0 0
Carbon Tetracloride 9.2(a) 0 0 0 0 0 0 0 0 0
4-Chioro-3-Mecthylphenol 10(h) 0 0 0 0 0 0 0 0 0
2-Chlorophenol 390(a) 0 1] 0 0 0 0 0 0 0
Chloroform 200(a) 0 0 0 0 0 0 0 0 0
4-Chloroaniline 310(a) 0 0 0 0 0 0 0 0 0
Chrysene 16(g) 0 0 0 0 0 0 0 0 0
_Bi-n-octyl-phthalate 1,600(a) 0 0 0 0 0 0 0 0 0
Di-n-butyl-phthalate 7,800(1) 0 0 0 0 0] 0 1] 0 0
Dibenzofuran 2.300(f) 0 0 0 0 0 0 0 0 0
1,3 Dichlorobenzene 7,000(a) 0 0 t] 0 0 0 0 0 0
1,4 Dichiorobenzene 50(a) 0 0 0 0 0 0 0 0 0
Diiethy] phthalate 63,000(a) 0 0 0 0 0 0 0 0 0
Ethylbenzene 20{c) 0 0 0 (] 0 0 0 0 0
Fluoranthene 3,100(a) 0 0 0 0 0 0 0 0 0
Fluorene . 3,100(¢a) 0 0 0 0 0 0 0 0 0
Indeno(1,2,3-cdipyrene 1.6{a) 0 0 0 0 0 ] 0 0 0
2-Hexanone , 3,900(g) 0 1] 0 0 0 0 0 0 0
2-Methylnaphithalene 2,300(f) 0 0 0 0 0 0 0 0 0
4-Melhyphenol 390(a) 0 0 0 0 4] 0 0 0 0
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Table 7. Summary by Constituent for Burial Grounds (Continued). .

- Total

L Volume Volume | Volume | Volume | Volume | Volume | Volume | Volume

! ' Over Limit |Over Limit |Over Limit |Over Limit|Over Limit|Over Limit |Over Limit Over Limit| ~ Volume

! Constitvent Cut-off Limit| 100-BC 100-DR | I100-FR 100-HR 100-1U 100-KR | 100-NR | 300-FF | Over Limit

- 5 bydh) | byt | byad) | oyah | oydh) | oya®) | ey | ydh) | byd)
Organic (continued) (mg/kg) : ‘
Naphthalene 3,100(a) D 0 0 0 0 0 0 0 0
2:-Nitrophenol 4,800(i) 0 0 0 0 0 0 0 0 0
N-Nitrosodiphenylamine 240(a) | 0 0 0 0 0 ] 0 0. 0
Pentachlorophenal 10(a) 0 0 0 0 g 0 0 0 il
Phenathrene 2,300(0) 0 0 0 0 0 0 0 0] 0
Phengl B 47,000(a) 0 0 0 0 0 0 0 01 0
t;1,1-Trichloroethane 20(c) 0 0 0 0 0 0 0 0] Xt
Pyrene ' 2,300(a) 0 0 0 0 0 0 0 0 0
Xylenes 20(c) 0 0 0 0 0 0 0 0 0
2,4-D 780(a) 0 0 0 0 0 0 0 0 0
4,4DDD 5(a) 0 0 0 0 0 0 0 ol 0
4.4DDE 3.5(a) 0 0 0 0 0 0 0 0 0
Aldrin 0.07(a) 0 0 017 0 0 0 0 0, 0
Adochor-1248 0.16(a) . 0 0 0 0 0 0 0 ‘ 0 -0
Aroclor-1254 0.16(a) 0 0 0 0 0 0 01 41,800 41,800
_Aroclor-1260 0.16(a) 0 o 0 0 0 0 0 0 0
Bela-BHC - Lindane 0.92(a) 0 0 0 0 0 0 0 0 0
Dieldrin 0.075(a) 0 0 0 0 0 0 0 0 0
Endrin 23(a) 0 0 0 0 0 0 0 0 0
gamma-Chlordane 0.92(a) 0 0 0 0 0 0 0 0 L0
Heptachtor 0.27(a) 0 0 0 0 0 0 0 0 0
Radionudlide (pCi/g) : 2
Americium-241 0.06{p) 0 0] 0 0 0 0 0 0 -0
Berylium-7 O(n) 0 0 0 0 0 0 0 0 0
Carhon-14 0(n) 150,155 | 186,493 77,093 86,222 0| 259,259 0 0 759,222
Cesium-134 0.0388(n) 0 0 0 0 0 0 0 0 0
Cesiumn-137 3.517(n) 150,155 | 186,493 76,642 86,222 0] 259,259 0 ; 0 758,771
Chroinium-51 0(n) 0 0 0 0 0 0 0 58,009 58,009
Cobalts8 | om| 0 0 0 0 0 0 o| o 0
Cobalt-60 | 0.0147(n) | 249,102 | 288,964 91,116 | 101,963 1,592 | 259,523 0 66,855 | 1,059,117 |
Europium-152 | 004(p) | 150,155 | 186,493 76,642 86,222 0| 259,259 0 ‘ 0 758,171
Futopium-154 0.1151(n) 0 0 0 0 0| 259,259 0 0 259,259

0 'A%y 6C--vLOTI/TAI/HO0A
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Table 7. Summary by Constituent for Burial Grounds (Continued).

Volume Volume Volume Volume | Volume Volume Volume | Volume Total
Over Limit [Over Limit [Over Limit|Over Limit {Over Limit|Over Limit [Over Limit|Over Limit] Volume
Conslituent Cut-off Limii| 100-BC 100-DR 100-FR 100-HR 100-1U 100-KR 100-NR 300-FF | Over Limit
(byd3) (bydd) | (bydd) | (byd®) | byd®) | bydd) | byd}) [ (bydd) (byd3)

Radionuclide (continued) (pCi/g)
Europium-155 0.0781(n) 0 0 0 0 0 0 0 0 0
Gross Alpha 8.4{0) 522,662 | 572,267 | 218,350 145,484 5994 | 260,253 0| 452,446 | 2,177456
Gross Beta 16(0}) 522,662 | 572,267 ; 218,350 145,484 5994 | 260,253 0| 452446 | 2,177456
Plutonium-238 0.0045(n) 0 0 0 0 0 0 0 0 0
Plutonium-239/240 0.0203(n) 0 0 43,383 0 0] 259259 0 0 302,642
Polassium-40 18.48(n) 0 0 0 0 0 0 0] 0 0
Radium-226 1.037(n) 0 0 0 0 0 0 0 29,004 29,004
Sodium-22 0n) 0 0 0 0 0 0 0 0 0
Strontium-90 (.3135(n) 150,155 186,493 163,407 86,222 0 259,259 0 106,946 046,482
Technetium-99 O(n) 0] 0 0 0 0 0 0 0 0
Thorium-228§ 2.5(0) 0 0 0 0 0 0 0 0 0
_Thorium-232 1.308(n) 0 0 0 0 0 0 0 13,933 13,933
Uranium-233/234 1.366(n) 0 0 0 0 0 0 0 | 330,705 330,705
Uranium-235 0.0507(n) 0 0 0 0 0 0 0| 344,479 344 479
Uranium-238 1.388(n) 0 0 0 0 1] 0 0 335,771 335,771

0 A9y 6T--vLOTT/TA/H0OA



DOE/EM-40 Data Call
Qualifier List
(a) Value is based on EPA Region 3 Toxicity Equivalence Factor, which has been

adopted by EPA Region 10.

(b) Value listed is 95% UTL for Hanford soil background, Preliminary Hanford Site
Background: Part 1, Soil Background for Nonradioactive Analytes.

(c) Value is based on State of Washington Model Toxics Control Act Regulation.

(d) Value is typically found in high concentrations at background levels in soils and is
considered to be an essential-nutrient to the human body. Therefore, it was not
evaluated in this report.

(¢) Value is based on the reference dose for food of 0.14 mg/kg/d.

(f) Value listed assumes this compound has the toxicity of pyrene.

(g) Value is based on EPA Region II Toxicity Equivalence Factor.

(h) No value provided for this constituent; this value is assumed to be conservative based
on similar constituent values.

(i) Value listed assumes this compound has the toxicity of 4-Nitro Phenol.

(j) Value listed assumes this compound has the toxicity of 4-Methyl-2-Pentanone.
(k) Risk based value is less than the background level, therefore 05% UTL is used.
(1) Sample is not listed in field investigation data; value is assumed to be zero.

(m) This is an older facility; therefore, it is assumed to contain 5% lead.

(n) Value is based on preliminary data from the Hanford Site Background: Part 2, Soil
Background for Nonradioactive Analytes (Hoover 1993).

- (p) Background radiation value is based on- sample data from the Vernita Site.

(p) LLDs from the 7991 Annual Report of the Environmental Radiation Program of the
Department of Health.
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5.0 OCCUPATIONAL HEALTH EVALUATION FOR SAMPLED WASTE SITES

This section includes a discussion of the potential occupational health hazards associated
with the constituents reported in the field investigation data for waste sites in operable units 100-
BC-1, 100-DR-1, 100-HR-1, 100-NR-1, and 300-FF-1. The analysis of the sampled waste sites
was extrapolated to all waste sites included in this study.

Safe soil concentration limuts were determined for the constituents reported in the field
investigation data. The occupational soil concentrations were compared with the sampled
concentrations of the constituents to identify the waste site volumes that exceed occupational
safety limits and pose potential health hazards to workers at the ERDF. The evaluation for the
inorganic and organic constituents was based on occupational inhalation limits; radionuclide
constituent evaluation includes both occupational inhalation and external radiation exposure
limits.

The levels of the contamination and associated health hazards evaluated in this
engineering study are based on sampling data from the waste sites. The conditions at the waste
sites may not be completely representative of the contamunation levels that will be experienced at
the ERDF. If treatment options such as volume reduction are used, the resuitant waste could
contain higher contaminant concentrations than the original waste from the waste sites. In
addition, solid waste derived from either soil washing or groundwater treatment could contain
higher concentration of contaminants than encountered in the original matrix. At present, it has
not been determined which, or if any, waste treatment processes will be used. The field
investigation data from the waste sites is currently the best available information to estimate the
levels of contamination that will be present in the waste received at the ERDF. When waste
treatment processes are better defined, the information in this study can be utilized to estimate
final waste concentrations.

This section includes an analysis of all sampled waste sites and the sites considered
analogous to the reference sites. This section also includes non-burial ground waste sites that
were not considered analogous to any sampled site. All non-sampled burial grounds are
evaluated separately in Section 6.0.

5.1 OCCUPATIONAL EXPOSURE LIMITS

The analysis of the potential occupational health hazards in the waste volumes was
limited to the inhalation pathway for all constituents. External exposure limits were also
considered for radionuclide constituents. Based on normal operations at the proposed ERDF,
these pathways were determined to be the most probable for the constituents. Limits for
ingestion, and skin and/or eye contact were not determined for constituents because they are not
probable exposure pathways. Personnel normally occupying the ERDF trench will include heavy
equipment operators and truck drivers. These personnel will normaily be inside an enclosed cab
with filtered air so there will not be direct contact with constituents under normal operating
conditions. The most probable exposure scenario is failure of filters due to excessive dust, or
personnel movement from one vehicle to another. For this reason, inhalation and external
radiation exposure were the chosen exposure pathway included in this evaluation. The analysis
in this engineering study does not include an evaluation of worker health hazards in emergency
situations or during potential accidents at the ERDF.

Calculations for the maximum occupational concentration limits for soil contamination
were based on tnhalation limits and the maximum expected dust concentrations at the ERDF.
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Several alternatives were considered in determining the appropriate limits and/or
requirements for the inhalation or external radiation limits. Risk-based limits are typically used
to determine environmental (soil) clean-up levels based on expected uses of land and/or waters,
and expected public size, age, and exposure duration. It was determined that it would be more
applicable to base the analysis in this study on OSHA, National Institute for Occupational Safety
and Health Standards (NIOSH), DOE Orders, and WAC published exposure limits for
occupational workers. These sources define the inhalation limits and external exposure limits
appropriate for an occupational safety evaluation.

5:1.1 Inorganic and Organic Inhalation Limits
Occupational air inhalation limits for inorganic and organic constituents were obtained

from WAC Title 296, Chapter 62, Table 1. If limits were not provided in the WAC, values were
obtained from OSHA, Department of Labor, Occupational Safety and Health Standards, 29 CFR
1910.1000, Table Z-1-A, or National Institute for Occupational Safery and Health Pocket Guide
to Chemical Hazards. NIOSH identifies several chemicals as occupational carcinogens, but they
have not identified thresholds for these carcinogens. Since NIOSH limits are recornmendations
only and carcinogen limits are not available, WAC or OSHA limits are used whenever possible.

5.1.2 Radionuclide Inhalation Limits

Quantification of exposures to radionuclide constituents requires a separate analysis

_because the units used to express the concentrations of radioactive and non-radionuclide

- constituents-are different. Unlike non-radionuclide constituents, the intake estimates for

radionuclides should not be divided by body weight or averaged over time. The calculated
intakes represent cumulative radionuclide activities inhaled or ingested over a lifetime.
Permissible soil concentrations for radionuclides associated with inhalation are determined using
Derived Air Concentrations (DACs) from Attachment 1 of Radiation Protection for
Occupational Workers, DOE Order 5480.11.

5.1.3 Radionuclide External Radiation Limits

The analysis of the radiation doses associated with external exposure to radionuclide
constituents are calculated based on dose limits rather than on a risk assessment. It was
determined that this method would be more consistent with DOE Orders and standard
occupational limits for workers exposed to radionuclide constituents.

5.2 INHALATION RISKS FOR INORGANIC CONSTITUENTS

Occupational based soil concentration limits for inorganic constituents were calculated
with the published permissible occupational air limits for inhalation exposure discussed in
Section 5.1.1 and the maximum dust concentration expected during extreme conditions at the
ERDF. The safe soil concentrations for inorganic constituents (WCso;1), based on the possible
particulates in the air, were determined by dividing permissible air exposure limits (PEL) by the
maximum dust concentration {Cg,gt) and multiplying by a conversion factor (CF). The analysis
is discussed in detail in the Risk Assessment Guidance for Superfund: Volume I - Human Health
Evaluation Manual, Part B, Development of Risk-based Preliminary Remediarion Goals (EPA
1991).
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WCsoit = (PEL/ Cqusd x CF

Units: WCy;1 in milligrams per kilogram (mg/kg)
PEL in milligrams per cubic meter (mg/m?)
Cyust in mg/m?

The maximum concentration of dust particulate observed in the Tri-City area during a

dust storm is approximately 1.7 mg/m3 (Rowe 1993). This dust particulate value was used to
calculate one set of safe soil concentrations. The maximum soil concentrations were also

evaluated with the OSHA dust particulate limit (5 mg/ﬁ13). To ensure a conservative estimate
and account for possible constituent concentration in fine soil, this value was doubled, and a

Cqust of 10 mg/m?3 was used for calculating the second set of safe soil concentrations. The
second set of concentration limits were used in the comparison with the sampled constituent
concentrations. Both sets of the concentration liniits for inorganic constituents are listed in
Appendix I-1.

Table 8 compares the maximum encountered soil concentration for the inorganic
constituents to the calculated occupational soil concentration limits; none of the sampled
inorganic constituents exceed the occupational based limits.

Non-sampled waste sites that are considered analogous to the sampled waste sites, were
assumed to have inorganic constituents levels below occupational limits. The sites that
contained unknown waste types, as defined in Appendix G, should be investigated further to
determine possible occupational health hazards to the ERDF workers. However, it is anticipated
that none of the waste sites at the Hanford Site contain inorganic constituents near the
occupational concentrations limits.

5.3 INHALATION & VOLATILIZATION RISKS FOR ORGANIC CONSTITUENTS

Occupational based soil concentration limits for organic constituents were calculated with
the published permissible occupational air limits for inhalation for ail organic constituents and
volatilization exposure limits for volatile organic constituents.

Occupational based soil concentration limits for inhalation were calculated with the limits
discussed in Section 5.1.1. The inhalation calculations and assumptions are discussed in Section
5.2,

The occupational constituent concentrations for volatile organic constituents were also
calculated with the volatilization exposure limits; the lowest of the two limits was used in the
analysis of the waste volumes. In most cases, the controlling factor for the volatile organic
constituents was the volatilization factor and not particulate inhalation limits.

The safe occupational constituent limits based on volatilization, were calculated by
multiplying the PEL by the volatilization factor (VF).

WCsoil = (PEL x VF)

Units: WCgj) in mg/kg
PEL in mg/m3
VF in cubic meters per kilogram (m3/kg)
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Occupational Site Where
Concentration | Maximum Soil Maximum
Limit for Soil | Concentration | Concentration
Constituents Contamination | Encountered Encountered
(mg/kg) (mg/kg)
Aluminum 500,000 58,600 618-4
Antimony 50,000 18.6 1607-H2
Arsenic . ~ 10,000 (a) - 471 116-B-7
Barium 50,000 4,260 1607-H2
Beryllium 200 33 316-2
Cadmium 20,000 28.5 1607-H2
—————— Chromium 50,000~ 2510 - - 1607-H2
Cobalt 5,000 80.6 116-DR-9
Copper 100,00 95,300 316-1
Iron 100,000 44,600 116-C-5
Lead 5,000 747 618-4
Magnesium 1,000,000 4,710 116-DR-9
Manganese 100,000 921 316-1
—-Mereuary 1,000 37 1607-H2
Nickel 10,000 1,750 316-1
Potassium 200,000 1,200 116-DR-9
Selenium 20,000 7.8 1607-H2
Silver B} - 1,000 362 316-1
Sodium 500,000 389 116-D-9
Sulfate (b) 7115 1607-H2
Thallium 10,0600 54 16(7-H2
Vanadium 5,000 239 316-1
Zinc 100,000 6,160 1607-H2

(a) At this level, half-mask air purifying equipped with efficient filter or any
half-mask supplied air respirator is required, per CFR 29 191(.1018.

{b) Occupational limits not available in WAC, OSHA, or NIOSH for this

constituent.
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- DOE

The analysis is discussed in detail in the Risk Assessment Guidance for Superfund:
Volume [ - Human Health Evaluation Manual, Part B, Development of Risk-based Preliminary
Remediartion Goals (EPA 1991).

The VF is a chemical specific value; the equation and calculated values of the VF are
listed 1in Appendix I-2.

Calculated values for volatilization based safe soil concentration limits for the volatile
organic constituents are shown in Appendix I-2.

Table 9 compares the maximum encountered soil concentration for the organic
constituents to the calculated occupational soil concentration limits; none of the sampled organic
constituents exceed the occupational based limits.

Non-sampled waste sites that are considered analogous to the sampled waste sites, were
assumed to have organic constituents levels below occupational limits. The sites that contained
unknown waste types, as defined in Appendix G, should be investigated further to determine
possible occupational health hazards to the ERDF workers. However, it is anticipated that none
of the waste sites at the Hanford Site contain organic constituents near the occupational
concentrations limits.

5.4 INHALATION RISKS FOR RADIONUCLIDES

Occupational soil constituent concentrations for radionuclide constituents were
determined using DACs from Attachment | of DOE Order 5480.11. A DAC is a radionuclide air
concentration obtained by dividing the annual limit on intake (ALI) by the volume of air
breathed by an average worker during a working year. The ALI is the quantity of a single
radionuclide which, if inhaled or ingested in one year, would irradiate a person, represented by
reference man, to the limiting value for control of the workplace. Applicable DACs are listed in
column 1 of Appendix I-3. DACs are based on an inhalation rate of 1.2 cubic meters per hour

(m3/hr) for 2,000 working hours per year. When more than one DAC is given in Attachment 1
of DOE Order 5490.11, the smallest value was used. Column 2 of Appendix I-3 converts the
values to 1250 hours per year, which is the average time anticipated for workers to be in the
ERDF trench.

DACs are based on higher limits than the Hanford Standards because the dust
concentrations used would only occur during extreme conditions. Since these conditions would
rarely occur and are based on the exposure time, the analysis was based on either a stochastic
dose limit of 5 roentgen equivalent man (rem) or a nonstochastic dose limit of 50 rem, whichever
is more limiting as determined from DOE Order 5480.11. Calculated values for radionuclide
concentration in soils assume that the relative concentration of radionuclide constituents in
airborne dust is equal (o the relative concentration of radionuclide constituents in soil. This may
be a non-conservative assumption, because radionuclide constituents may concentrate in fine
fractions of soil. Dose-based concentrations were determined with the methods discussed in
DOE Order 5480.11. The values were calcuiated by using the time adjusted DAC, dividing by
the dust concentration in the air (10 mg/m3), and multiplying by a CF as indicated in the
following formula:
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Table 9. Organic Contaminant Levels.

_ Occupational Site Where
Concentration Maximum Soil Maximum
Contituent Constituents Limit for Soil Concentration Concentration
Type Contamination Encountered Encountered
(mg/kg) {mg/ka)
Volatile Acetone 113,303,414 2.800 UPR-100-N-17
Benzene 82,960 0.190 UPR-100-N-17
2-Butanone 49,439,713 0.007 116-N-2
Carbon Disulfide 1,200,000 0.200 116-B-5
Carbon Tetrachloride 15,983 0.008 116-N-1
Chloroform 20,070 0.003 120-N-2
116-N-1
1,2-Dichloroethene {total) 13,954,900 0.008 618-4
Ethylbenzene 2,751,377 0.33 UPR-100-N-17
2-Hexanone 203,324 0.001 UPR-100-N-4 &
UPR-100-N-8
4-Methyl-2-Pentanone 20,500,000 0.011 116-B-2
Methylene Chloride 5,225,567 0.063 1607-H2
Tetrachloroethene 4,530,377 0.300 618-4
Toluene 17,944,593 0.077 116-B-5
Trichloroethene 7,004,964 0.390 618-4
Vinyl Chloride 6.524 0.540 316-5
Semi-Volatile Acenaphthene (coal tar) 20,000 0.340 116-H-1
Anthracene (coal tar) 20,000 6.300 UPR-100-N-17
Aroclor-1248 50,000 5.500 316-1
.......... Aroclor-1254 50,000 2.700 6184
Aroclor-1260 50,000 1.200 100-HR-1 Electric
Facilities
Benzo(a)anthracene (coal tar) 20,000 1.800 1607-H4
Benzo(a)pyrene (coal tar) 20,000 0.940 1607-H4
Benzo(b)fluoranthene (coal tar) 20,000 2.400 1607-H4
+-Benzo(ghi)peryiene (coal tar) —-- 20000 —-0.460 - 1607-H4
Benzo(k)fluoranthene (coal tar) 20,000 0.760 116-H-1
Benzoic Acid 20,000 (a) 1.800 116-D-1A
Bis (2-ethythexhl) phthalate 300,000 33.000 300 Area Sanitary
Sewer System
Butylbenzylphthalate 20,000 (a) 2.600 130-D-1
Carbazoie 20,000 (a) 0.150 1076-H4
| 4-Chloro-3-Methyliphenol 20,000 (a) 0.038 116-DR-1
2-Chlorophenol 20.000 (a) 0.047 116-DR-1
4-Chloroaniline 20.000 (a) 6.300 300 Area Sanitary
Sewer Svstem
Chrysene (coal tar) 20,000 0.920 116-H-1
16(7-H4
Di-n-octyl-phthalate 20.000 (2a) 0.038 116-D-6
Di-n-butyi-phthalate 20,000 (a) 4.300- 132-D-3
Dibenzotfuran T 20,000 (ay grzo 300 Area Ash Pits
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Table 9. Organic Contaminant Levels (Continued).

Occupational Maximum Soil Site Where
Concentration Limit | Concentration Maximum
Contituent Constituents for Soil Encountered Concentration
Type Contamination Encountered
(mg/ke) {mg/kg)
Semi-Volatile 1,3 Dichlorobenzene 30,000,000 0.038 116-D-1A
continued
1,4 Dichlorobenzene 45,000,000 0.051 116-N-2
Diethylphthaiate 500,000 0.130 130-D-1
Fluoranthene (coal tar} 20,600 2,900 1607-H4
Fluorene - coal tar 20,000 0.190 116-H-1
Indeno(!,2,3-cd)pyrene 10,000 0.520 116-H-1
2-Methyinaphthalene {coal 20,000 1.300 UPR-100-N-17 -
tar
4-].3/Ielhyphenol - cresol 2,200,000 1.000 300 Area Sanitary
Sewer Systemn
Naphthalene 5,000,000 4.100 UPR-100-N-17
2-Nitrophenol 20,000 (a) 0.053 116-DR-9
N-Nitrosodiphenylamine 100 0.110 116-B-2
Pentachlorophenol 50,000 0.077 116-C-5
Phenathrene (coal tar) 20,000 2.500 UPR-100-N-17
Phenol 1,900,000 0.35 116-D-7
Pyrene (coal tar) 20,000 2.700 1607-H4
Pesticides 2,4-D 1,000,000 - Wipe Sample Only
44'DDD 20,000 (a) 0.110 1607-H4
4 4DDE 20,000 (a) 0.012 1607-H4
Aldrin 25000 — C0.0017 [16-DR-9
Dieldrin 25,000 0.021 116-D-1A
Endrin 10,000 0.016 116-D-2
gamma-Chlordane 50,000 0.018 1607-H4
Heptachlor 50,000 0.00846 [32-D-3

(a) WAC, OSHA, or NIOSH values are not avaijlabte for this constiutent. Value is assumed.to be similar to coal

tar.
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WCSQi] = (DAC f Cdl]S[) X CF

Units: WCggj in picocurries per gram (pCi/g)
DAC in microcurries per milliliter (WCi/ml)
Cgust in mg/m?>

The OSHA limit for the respirable fraction of dust particulates is 5 mg/m3. To be
conservative and account for possible radionuclide concentration in fines, this value was

doubled, and a Cdys of 10 mg/m3 was used.

Calculated dose-based soil concentration limits for radionuclide constituents are listed in
column 3 of Appendix [-3.

Table 10 compares the maximum encountered soil concentration for the radionuclide
constituents to the calculated occupational soil concentration limits. None of the radionuclide
constituents exceed inhalation exposure limits . Some of the radionuclide constituents are near
occupational exposure limits, but the limits assume continuous exposure during the working day
for an entire year. The materials containing the higher concentrations are sludges. Sludges will
only be present occasionally and will not cause the substantial dust plumes assumed in the
calculations in this study.

Since the sampied waste sites contain levels of radionuclide constituents below
occupational constituent concentration limits, ail other non-sampled waste sites that are
considered analogous to the sampled waste site, are assumed to also have radionuclide
constituents levels below occupational limits. The sites that contained unknown waste types, as
defined in Appendix G, need to be investigated further to determine the possible hazards to the
ERDF workers.

5.5 RADIATION EXTERNAL EXPOSURE

To simplify calculations for external dose in the ERDF trench, the radiation source was
assumed to be an infinite plane with infinite depth. During operations in the trench, this
assumption should be fairly close to actual conditions. This assumption may not be conservative
if there is a large dose coming from trench sides; however, normal operations will be maintained
- -on a-long slope which is approximated by an infinite plane assumption. .

Dose coefficients for this analysis are provided in EPA's Federal Guidance Report No. 12
(EPA 1993), and are based on the assumption of a continuous exposure. These dose coefficients
--were therefore adjusted for the exposure conditions of interest (5 hours per day average, 5 days

per week, and 50 weeks per year working time}. The soil density 15 assurmed wobe 1.6 grams per
~cubic centimeter (g/fcm?3). Soil concentration vatues were determined by muitiplying the inverse
of the dose coefficient for occupational exposure by doses of concern. Appendix J lists soil
concentration values associated with 50 millirem per year (mrem/yr), 100 mrem/yr, 250
mrem/vr, and 5 rem per year (rem/yr). A comparison of the 5 rem/yr exposure with the
inhalation table (Appendix I-3) determines the controlling exposure pathway.

For non-radiation workers at the ERDF, the annual effective does equivalent must be
maintained below [00 mrem/vr, in accordance with WHC-CM-4-10. The WHC occupational
limit for radiation worker exposure is 1 rem/yr and the DOE limit is 5 rem/yr per DOE Order
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Table 10. Radionuclide Soil Contamination Associated with
DOE Order 5480.11 Dose Limits via Inhalation (pCi/kg).

Occupational Site Where

Concentration Maximum Soil Maximum

Limit for Seil Concentration | Concentration

Constituents Contamination (a)| Encountered Encountered
(pCikg) (pCi/kg) _

Americium-241 300 34 116-C-5
Beryllium-7 1,000,000,000 90 116-D-1A
Carbon-14 200,000,000 640 116-C-5
Cesium-137 10,000,000 800 116-C-5
Chromium-51 1,000,000,000 3.5 618-5
Cobalt-58 50,000,000 14.1 116-DR-1
Cobalt-60 2,000,000 310 116-C-5
Europium-152 2,000,000 1,400 116-C-5
Europium-154 1,000,000 410 116-C-5
Europium- 155 6,000,000 41 116-C-5
Plutonium-238 500 9.4 116-C-5
Plutonium-239 300 190 116-C-5
Plutonium-240 300 190 116-C-5
Potassium-40 30,000,000 (b) 20 116-DR-1
Radium-226 50,000 42.8 116-D-1A
Sodium-22 50,000,000 9.91 116-DR-1
Strontium-90 300,000 770 116-C-5
Technetium-99 50,000,000 1.5 116-DR-9
Thorium-228 600 44 116-C-5
Thorium-232 80 2 1607-H2
Uranium-233 3,000 5.8 1607-H2
Uranium-234 3,000 2,100 618-4
Uranium-235 3,000 110 316-2
Uranium-238 3,000 2,100

6184

(a) Values are based on either a stochastic dose limit of 5 rem or a
nonstochastic dose limit of 50 rem, whichever is more limiting (see DOE

Order 5480.11).

(b) Soil concentration exceeds the specific activity of K-40 (7,000,000 pCi/g).
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5480.11. Evaluation of effects of individual constituents at smaller doses provided input for
determining the effects of cumulative doses.

Dose-based concentrations for the external exposure pathway account for the contribution
of radioactive daughters assumed to be in secular equilibrium with their parent radionuclide
constituents. The calculated dose-based concentrations do not account for attenuation of
radionuclide concentrations through radioactive decay. The actual doses associated with sample
data could vary substantially for some radionuclides depending on the time frame chosen for
clean-up.

- - - The sampled radionuclide constituent cencemratlons were compared to the calculated
doses for the radionuclide constituents (Appendix J). The radionuclide constituents responsible
for most of the doses were Cesium-137, Cobalt-60, Europium-152, and Europium-154.
Uranium-238, Potassium-40, Radium-226, and Sodium-22 also contributed small quantities (20
to 50 mremy/yr) to the estimated dose.

The sites that are responsible for emitting doses of 50 mrem/yr or greater for individual
radionuclide constituents are listed in Table 11. Sites with individual radionuclide constituents
emitting 50 mrem/yr or more are listed because these sites typically accounted for cumulative
doses over 100 mrem/yr to workers.

Table 11. Radionuclide Constituents of Concern for Occupational External Exposure.

Chemical Sites with Radionuclide Sites with Radionuclide
Element Constituents Emitting Constituents Emitting
Over 50 mrem/yr Over 250 mrem/yr
Cestum-137 116-C-5, i16-D-1A, 116-D-1B, 116-C-5, 103-D(a)
116-DR-1, 116-DR-2, 116-D-2A,
103-D(a)
Cobalt-60 316-1, 116-C-5, 116-N-2, 116-H-7, | 116-C-5, 116-N-2
116-DR-1
Europium-152 116-B-1, 116-C-5, 116-H-1, 116-C-5, 116-H-7, 116-DR-1
116-H-7, 116-D-1A, 116-D-1B,
116-DR-1
| Europium-154 116-C-5, 116-D-1A, 116-D-1B, 116-C-5, 103-D(a)
-1 103-Dea) -
Radium-226 [ 116-D-1A None

(a) This 1s a wipe sample and may not be a problem as related to occupational exposure limits.

" Based on the evaluation of the inorganic and organic constituent lévels, it was concluded
that the main occupational health hazard associated with the contaminated waste involved
external radiation exposure to workers. The extent of the external radiation doses was
thoroughly investigated in the following analysis.

For the sampled waste sites, the doses from each constituent, emitting over 10 mrem/yr.
~-were totaled to determine the cumulative dose for the waste site. Appendix K lists the sies that
contain constituents with doses of 10 mremy/vr or more. The occupational year 1$ based on a 3

~hour per day average, 5 day per week, 50 week _per year, occupational exposure time.

Each waste site was evaluated to determine the percent of the contaminated volume
emitting over 250 mrem/vr and | rem/yr (1.000 mrem/vr).
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The analysis was based on the number of sampled intervals containing the contamination,
the level of contamination. the size of the intervals, and the total volume of the waste site. Waste
sites and contaminated volumes emitting radionuclide doses are listed in Table 12.

Each of the waste sites in Table 12, has been assigned a concern rating based on the
cumulative dose rate from all radionuclide constituents. Concern ratings of "None" indicate that
the radionuclide constituents in the waste volume will produce a dose below 100 mrem/yr to
occupational workers; a "Minimal" concern rating indicates that the site contains radionuclide
constituents emitting a total dose of 100 mrem/yr to 249 mrem/yr; a "Low" concern rating
indicates the constituents are emitting 250 mrem/yr to 499 mrem/yr; waste sites emuitting 500
mrem/yr to 999 mrem/yr were considered to have a "Moderate” occupational safety concern; and
a concern rating of "High" indicates that the radionuclide constituents contained in the waste
sites have a potential for emitting over | rem/yr (1,000 mrem/yr) to workers during ERDF
operations.

The total contaminated volume for the waste sites included in this section is
approximately 6.0 million bank cubic meters (bm?) (7.9 million bank cubic yards [byd3]). The
total volumes of waste emitting radiation doses over 250 rem/yr is approximately 361,000 bm3
(473,000 byd?) and the total volume expected to emit over | rem/yr (1000 mrem/yr) is
approximately 71,000 bm3 (93,000 byd?3).

Many of the contaminated sites were considered analogous to a waste site containing
highly contaminated sludge. The sludge waste accounted for the only readings over | rem/yr
(1,000 mrem/yr) for waste sites included in this section. Sludge may not be present at all waste
sites that were considered analogous. For this reason, the highly contaminated waste volumes
may be significantly overestimated. Each of the sites considered to be analogous to waste site
116-C-5 should be checked to confirm the presence of sludge type materials; the sites considered
analogous to site 116-C-5 are indicated in Table 12.
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Table 12, Contaminated Volumes for Sampled Waste Sites.

Total
Contaminated Occupational
Operable Volume for Volume Over| Volume Over| Concern
Unit Site Number Waste Site 250 mrem/yr; 1 rem/yr Rating
(byd?) (bvd3) (byd3) (d)
Environmental Restoration Waste Sites
100-BC-1 116-B-1 7.661 -0 0 Minimal
100-BC-1 116-B-2 4,829 0 0 None
100-BC-1 116-B-3 - 97 0 0 None
100-BC-1 116-B-4 34 t] 0 None
100-BC-1 116-B-5 974 0 0 None
100-BC-1 116-B-6A 88 0 0 None
100-BC-1 116-B-6B 46 0 0 None
100-BC-1 116-B-7 435 0 ] None
100-BC-1 116-B-9 30 0 0 None
100-BC-1 116-B-10 55 8] 0 None
100-BC-1 116-B-11(¢e) 376,768 39,937 12,057 High
100-BC-1 116-B-12 97 0 0 None
100-BC-1 116-B-13 (e) 1,014 107 32 High
100-BC-1 116-B-14 (&) 588 62 19 High
100-BC-1 116-B-15 1,541 244 0 Low
100-BC-1 116-B-16 69 0 0 None
100-BC-1 116-C-1 79,861 12,858 0 Low
100-BC-1 116-C-5 585,088 18,723 18,723 High
100-BC-1 120-8B-1 97 0 0 None
100-BC-1 132-B-1 2,631 0 0] None
- 100-BC-1 132-B-4 =301 345(a) 0(a) Moderate
100-BC-1 132-B-5 7.404 11il (a) O{a) Moderate
100-BC-1 132-B-6 435 0 0 None
100-BC-1 132-C-2 836 0 0 None
100-BC-1 1607-B1 1.866 0 0 None
100-BC-1 1607-B2 6,673 0 0 None
100-BC-1 1607-B3 727 ¢ 0 None
100-BC-1 1607-B4 i 165 0 0 None
100-BC-1 1607-B5 63 | 0. 0 ! None
100-BC-1 1607-B6 387 0 0 i None
100-BC-1 1607-B7 | 195 0 9 ! None
100-BC-2 116-C-2A 4,543 0 0 None
100-BC-2 116-C-2B 63 0 0 None
100-BC-2 116-C-2C 306 0 0 3 None
100-BC-2 116-C-6 t ___489 77 . 0. | Low
100-BC-2 132-C-3 E 2,301 345 (a) 0(a) | Moderate
100-BC-2 1607-B3 184 . 0 0 | None
100-BC-2 1607-B10 184 0 0 i None
100-BC-2 1607-B11 63 0 0 None
100-BC-2 1607-B9 1,158 0 0 : None
100-DR-1 116-D-1A 2.589 241 0 ! Low
100-DR-1 116-D-1B 1.173 185 O i Low
100-DR-1 116-D-2 97 ( 0 None
100-DR-1 116-D-3 26 0 0 | Nopg
100-DR-1 116-D-4 26 0 0 i None
100-DR- | {16-D-3 1.517 0 0 ? None
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Table 12. Contaminated Volumes for Sampled Waste Sites (Continued).

Total
Contaminated Occupational
Operable VYolume for Volume Over| Volume Over| Concern
Unit Site Number Waste Site 250 mrem/yr| 1 remfyr Rating
(byd3) (byd>) (byd?)

100-DR-1 116-D-6 25 0 ] None
100-DR-1 116-D-7 374,385 0 4] None
100-DR-1 116-D-9 97 0 0 None
100-DR-1 116-D-10 331 52 4] Low
100-DR-1 116-DR-1 5,170 832 0 Low
100-DR-1 116-DR-2 2,685 0 0 Minimal
100-DR-1 116-DR-5 435 0 0 None
100-DR-1 116-DR-9 481,008 )] 0 None
100-DR-1 120-D-1 20,359 0 0 None
100-DR-1 120-D-2 6,403 0 0 None
100-DR-1 126-D-3 79 0 (b) 0 (b None
100-DR-1 130-D-1 77 0 0 None
100-DR-1 132-D-1 7.317 1098 (a) 0(a) Moderate
100-DR-1{ 132-D-2 1,770 - 266 (a) 0 (a) Moderate
100-DR-1 {32-D-3 618 0 0 None
100-DR-1 1607-D2 8.196 0 0 None
100-DR-1 1607-D4 106 0 0 None
100-DR-1 1607-D5 106 0 0 None
100-DR-2 116-DR-3 ~ 953 151 0 Low
100-DR-2 116-DR-4 116 0 0 None
100-DR-2 116-DR-6 427 0 0 None
100-DR-2 116-DR-7 42 0 0 None
100-DR-2 116-DR-3 97 0 0 None
100-DR-2 132-DR-1 474 0 0 None
100-DR-2 1607-D3 165 0 0 __None
100-DR-3 1607-D1 1,866 0 0 None
10G6-DR-3 600-30 3L111 0(b) 0(b) None
100-DR-3 116-DR-10 1,073 170 0 Low
100-FR-1 116-F-1 35,691 5,746 0 Low
100-FR-1 116-F-2 5,543 892 0 Low
100-FR-1 116-F-3 1,302 206 0 Low
100-FR-1 116-F-4 97 0 Q None
100-FR-1 116-F-5 97 0 0 None
100-FR-1 116-F-6 7,389 0 0] None
100-FR- 1 116-F-7 34 0 ] None
100-FR-1 116-F-8 491 4] 0 None
100-FR-1 116-F-9 3,729 559 (a) 0 (a) Moderate
100-FR-1 [16-F-10 31 0 0 None
100-FR-1 116-F-11 25 0 0 None
100-FR-1 116-F-12 26 0 )] None
100-FR-1 [16-F-13 25 0 0 None
100-FR-1 116-F-14 (e) 360,756 38,240 11,544 High
100-FR-1 [16-F-15 97 15 (a) 0 {a) Moderate
100-FR-1 116-F-16 380 0 0 None
100-FR-1 126-F-2 88.621 0 (c) 0{c) Mone
100-FR- 1 128-F-2 6.917 it 0] None
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Table 12. Contaminated Volumes for Sampled Waste Sites (Continued).

Total

e Contaminated ‘Occupational
Operable Volume for | Volume Over| Volume Over| Concern

~__Unit Site Number Waste Site 250 mrem/yr| 1 rem/yr Rating

(byd3) (byd3) (byd>) (d)

100-FR-1 132-F-3 9,147 0 0 None
100-FR-1 132-F-5 2,727 409 (a) 0 (a) Moderate
100-FR-1 132-F-6 1,273 0 0 None
100-FR-1 1607-F2 7,738 0 0 None
100-FR-1 1607-F3 624 0 0 None
100-FR-1 1607-F4 106 0 0 None
100-FR-1 1607-E5.__ 106 -0 0 None
100-FR-1 1607-F6 - 624 0 0 None
100-FR-2 120-F-1 109 0(b) 0 (b) None
100-FR-2 126-F-] 40914 0 0] None
100-FR-2 128-F-1 4,494 0 0 None
100-FR-2 128-F-3 7,389 0 0 None
100-FR-2 600-31 2,948 ()] 0(b) None
100-FR-2 1607-F1 1,866 0 0] None
[00-FR-1 UPR-100-F-1 421 63 (a) 0 (a) Moderate
100-HR-1 116-H-1 4,965 0 {0 None
100-HR-1 116-H-2 9,436 0 ( None
100-HR-1 116-H-3 170 0 9] None
100-HR-1 116-H-4 28 4 (a) 0 (a) Moderaie
100-HR-1 i16-H-5° 435 0 0 None
100-HR-1 116-H-6 (&) 6,410 680 205 High
100-HR-1 116-H-7 - - 570,936 60,519 0 Low
i60-8R-1 1i6-H-9 6l -0 0 None
100-HR-1 126-H-2 88,621 0 0 None
100-HR-1 132-H-3 1,788 0 0 None
100-HR-1 1607-H2 624 0 0 None
100-HR-1 1607-H4 106 0 0 None
100-HR-2 126-H-1 40.914 0 0 None
100-HR-2 128-H-1 4.494 0 0 None

- 100-HR-2 128-H-2 4.346 0 0 None
100-HR-2 - 128-H-3 - 4,346 4] 0 None
100-HR-2 132-H-2 3,068 460 (a) 0 () Moderate
100-HR-2 1607-H1 624 0 0 None
100-HR-2 1607-H3 1.496 0 0 None
100-1U-2 White Bluffs Landfil] 3,012 0 () 0 None
100-1U-2 East White Bluffs City Landfill 4.494 0 0 (b) None
100-TU-2 600-5 13 0{c) 0 () None
100-KR-1 i16-K-1 50,330 3.103 0 Low
100-KR-1 [16-K-2 87,505 13126 (a) | 0 (a) Moderate
100-KR- | 116-K-3 1.051 0 ! 0 None
100-KR-1 | 116-KE-4 (e} 763,934 80.977 24,446 High

HO-KR-1 | F16:KW-3(e) 763,934 80877 - 24440 -~ High
100-KR-2. 116-KE-1 497 0 0 ! None

100-KR-2  116-KE-2 09 0 | 0 F None
100-KR-2 1 16-KE-3 121 19 1 0 Low
100-KR-2 116-KW-1 497 0 ? 0 Low

Ln
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Table 12. Contaminated Volumes for Sampled Waste Sites (Continued).

Total
Contaminated Occupational
Operable Volume for Volume Over| Volume Over| Concern
Unit Site Number Waste Site 250 mrem/yr| 1 rem/yr Rating
(byd®) (byd?) (byd?) (d)
100-KR-2 116-KW-2 121 19 0 Low
100-KR-2 120-KE-8 133 0(b) 0 (b) None
100-KR-2 120-KW-6 133 0(b) 0 (b None
100-KR-2 126-K-1 76,321 0 (b) 0 None
100-KR-2 130-K-1 148 0 0 None
100-KR-2 130-K-2 84 0] 0 None
100-KR-2 130-KE-1 56 0] 0 None
100-KR-2 130-KE-2 56 0 0 None
100-KR-2 130-KW-1 56 0 0 None
100-KR-2 130-KW-2 56 0 0 None
100-KR-2 1607-K4 239 0 0 None
100-KR-2 1607-K6 239 0 0 None
100-KR-2 UPR-100-K-1 2,144 339 0 Low
100-KR-3 120-KE-1 30 0 0 None
100-KR-3 120-KE-2 25 0 0 None
100-KR-3 120-KE-3 64 0 0 None
100-KR-3 120-KE-6 97 0 0 None
100-KR-3 [20-KE-9 287 0(b) 0 (b) None
100-KR-3 120-KW-1 30 0 0 None
100-KR-3 {20-KW-2 25 O 0 None
100-KR-3 120-KW-5 97 0 0 None
100-KR-3 [20-KW-7 287 0 (b) 0 (b) None
100-KR-3 128-K-1 4,494 0 )] None
100-KR-3 128-K-2 182,321 0 0 None
100-KR-3 130-K-3 196 0 0 None
100-KR-3 6004 8,106 0 (c) 0 (c) None
100-KR-3 600-29 74,334 ()] 0(b) None
10G-KR-3 1607-K1 239 0 0 None
100-KR-3 1607-K2 1635 0 0 None
100-KR-3 1607-K3 239 0 0 None
100-KR-3 1607-K3 313 0 0 None
100-NR-1 [16-N-1 47.127 0 0 None
100-NR-1 116-N-2 97 22 0 Low
100-NR-1 116-N-3 41,309 0 0 None
100-NR-1 116-N-4 2,231 0 0 None
100-NR-1 118-N-1 495 74 (a) 74 (a) High
100-NR-1 120-N-1 10,731 0 0 None
100-NR-1 120-N-2 2,021 0 0 None
100-NR-1 120-N-3 30 O 0 None
100-NR-1 120-N-5 30 0 0 None
100-NR-1 120-N-6 30 0 0 None
100-NR-1 120-N-7 30 0 0 None
100-NR-1 120-N-8 30 0 0 None
100-NR- 124-N-1i 609 0 0 None
1 OO—NR- 1 - 124-N-2 102 0 0 None
100-NR- | 124-N-3 30 0 (} None
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Table 12. Contaminated Volumes for Sampled Waste Sites (Continued).

Total
Contaminated Occupational
Operable Volume fer | Volume Over| Volume Over| Concern
Unit Site Number Waste Site 250 mrem/yr! 1 rem/yr Rating
(byd3) (byd) (bvd>) (d)

10G-NR-1 124-N-4 12,695 0 0 None
100-NR-1 124-N-5 1,624 0 0 None
100-NR-1 124-N-6 494 0 0 None
100-NR-1 124-N-7 2.215 0 0 None
100-NR-1 124-N-8 398 0 0 None
100-NR-1 124-N-9 947 0 0 None
100-NR-1 124-N-10 24,774 0 0 None
100-NR-1 128-N-1 40,914 0 0 None
100-NR-1 130-N-1 31,960 0 0 None
100-NR-1 600-32 103,956 0 (b) 0 (b) None
100-NR- | 600-35 151.603 0 (b) 0 (b) None
100-NR-1 UPR-100-N-1 76 0 0 None
100-NR-1 UPR-100-N-2 115 4] 0 None
100-NR-1 UPR-100-N-3 28 0 0 None
100-NR-1 UPR-100-N-4 404 0 0 None
100-NR-1 UPR-100-N-5 107 24 0 None
100-NR-1 UPR-100-N-6 107 0 0 None
100-NR-1 UPR-100-N-7 107 0 0 None
100-NR-1 UPR-100-N-8 32 0 0 None
100-NR-1 UPR-100-N-9 107 0 0 None
100-NR